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The Effect of Carbon Monoxide Intoxication on the Changes in
Contents of Amino Acid Neurotransmitter of Rat Brain

Min Jung Jung, Son Ja Park*, Sun Hee Lee and Jae Soon Yun
College of Pharmacy, Ewha Women’s University, Secul 120-750, Korea
*KIST, Doping Control Center

Abstract— To study influence of carbonmonoxide (CO) poisoning on the content of amino acid
neurotransmitter in brain, male rat was exposed to CO 5000 ppm for 30 minutes (60-75% HbCO). Aspartic
acid and glutamic acid level in the cerebral curtex and aspartic acid level in the striatum were significantly
decreased. GABA level in the cerebral cortex was significantly increased after the 30 and 60 minutes of
CO intoxication. Taurine level in both the cerebral cortex and the striatum was increased although nonsig-
nificant. Consequently, the CO-induced hypoxia brain showed lower level of excitatory neurotransmitter,
aspartic acid and glutamic acid and higher level of inhibitory neurotransmitter, GABA and taurine. These
results suggest that the change in content of amino acid neurotransmitter in the rat brain may be concern-

ed with several CO poisoning symptoms.

Keywords ] Amino acid neurotransmitter, aspartic acid, glutamic acid, taurine, 7-aminobutyric acid, CO

intoxication.
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W acetylcholine & o}r]|xAt AlAALEA ] §lak
of Ztasta o] wi, FFAN/} veldehs AR
Bz, 7

b CO FEo2 9l AaaFolA s ofr|k
AL AZAGEA] gtekstyl gloelzl Aztsle
COol 7b3 oulsicka deid = Ads Az
o419 olm|i Al AlAALEAQ aspartic acid,
glutamic acid, taurine % y-aminobutyric acid
9] gekslol wixl= CO 9 43& AF3tnxt 3}
Aot
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&FH8 AM9—L-Aspartic acid, L-glutamic
acid, y-Aminobutyric acid(GABA), Taurine, 3-
Mercaptopropionicacid, phenylisothiocyanate +
Sigma Chem.Co.ol4 74)3t9a. Triethylamine
£ Aldrich Chem. CoollA 3344 (HCIO,)2
Junal Chem. CoollAl 743, obri=At 4
of AlgslE 4vlidl  Acetonitrile, Methanol &
HPLC grade & A313om Soalja|zol] 2ko]&=
¢ Milli-Q grade ¢] &8 A&}t

A#I17[-%F% chamber e CO Ex9¢ &34
< CO AAFH #H=A)7] (Gastec. Co. Japan)Z 5}
gorn AiEe)7)+ Beckman model J2-21%
AR&etgdch.  UV/visible spectrophotometer =
Shimazu UV-240 2 AH&-3tg1 ofv|:=Ale] phen-
ylisothiocyanate =23 452 PICO. TAG
(Millipore) & AH&-3tdch, obw|x=Ak2 HP1090M
liquid chromatograph (Hewlett-Packard)& -+
4 3l 94 = DRS5 solvent delivery system,
autosampler, autoinjector, DIODE-ARRAY
detector, HP9000~3000 computer, HP9133 disc
drive, HP7475 plotter, thinkjet printer & PH
hypersil octadecylsilane column(4.6 mm * 10
cm, particle size 5 gm)-& AH&3tg L,
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chamber ¥ F%+ 2F 5000 ppm 22 A=At}
AAREFL CO gas Al 353718 2 =7l
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b A% Fol) 27t B AARIZen AAdzTe
=315 3087 ERE & O AAEEL A
39| y-amino-butyric acid(GABA) SV 27|
ol eFA1717] 28 Aol me] el 1.5mM/kg
2] 3-mercaptopropionic acid & FAslict,
=3 3 27 dry iceol YT 1087 A& & o
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oA oA AH AdzAMzAd P 04M
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04M HCIO, 25m!, 05ml!E Z 7}sha At
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Azale 9M KOHE pH253 23] 3eld
HCIO & F3M17] $F oh4] 21,000 % g & 4TCollA]
10387 QAR sl dojAl A5dg ohalxat A
Fe A2 ARG,

irsiely s2I2NY 5FH-CO0 F52
chamber o4 7AWl FA] P HFoNA AP}
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HbO,¢+ HbCO & F-f-sike Holle] U] 34
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AL T, EYHew o} 9le COE 75
A717] Y3 N, gas 2 Hlsigiet, o] AAAXA|
a9 AAEAAAEE 42 8:2 % 5158 EYTE
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Solution A: Phosphate buffer (0.01 M K3PO, and 0.02 M
KH,PO, in distilled water, pH 6.7-6.8)
Solution B: acetonitrile

ARt FEo] Hul olv|iAt AIRAGER sl vAE 3 325
Table I —Chromatographic gradient conditions.
2 12| N,-treated blood 80 1 / Time (min) Perce.:nt of Perce.nt of
= +0,-treated blood 20 121 solution A Solution B
0
8 1af Initial 100
& 15 95
—
<t
e 1.0 Ny-treated blood 50 41 16 70 30
Bt 1 Ot I 18 60 40 .
-] +Oy-treated blood 50
o 21 50 - 50
&
=]
5]
5
&
<

0.8

L 1 | 1 )
0 20 40 60 80 100
Percent of HbCO saturation (%)

Fig. 1—Standard curve for the conversion of the
541 nm/555 nm absorbance ratio to percent car-
boxyhemoglobin saturation.

In standard curve, one intermediate point is mix-
ture of 50 1! of a nitrogen treated blood and 50!
of an oxygen treated blood, another point is mix-
ture of nitrogen treated blood 80 u! and oxygen
treated blood 20 1.

ofoj it HEB-—tiofdn AzAAE 04M

ha, A5}k }04 de A& 50
ml A& 77t 38l ‘{8%71 o ¥3 PICO. TAG
work station oA 7Rb A=zA|Zich 2 ekds] A
2471 % methanol, H,0, triethylamine, phen-
ylisothiocyanate 5 7:1:1:12 =33 $=4
Alof 20 ul & “Fsted 5& FQt AofFa 204 %ot
AgollA wkAsle] ubEA]7] PICO. TAG oA
7k AzA)Zch, Na,HPO, 710mg-< H,0 1/
L3847 10% H,PO,2 pH74 2 A3l 2 &
ol 950m/ ol acetonitrile 50m/! & 7}5}e] & 33}

I o7 ol 250 ul & 7)Eled A EE SkAE &
& A17] ©o]Z HPLCZ ©]&3 olnlcAl 248 4

B2 ARSI, ohn|xeAl HAE 8 o] 5ARE
pH6.7~6.82 <l Atd gLl 3} acetonitrile &
gradient elution 3} (Table I) 1mi/min ¢
4 5ul 9 FYLgo R 254nmollA] A5G
olu] Ak} AEkE 9]—‘?— i—’ﬁ%’éi peak “\iﬂ

d
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aspartic acid, glutamic acid, taurine %
y-aminobutyric acid (GABA)9] 7} ojr|xAl %
FE9 Fxol ulE peak WHE AHFsle] AL
At

Bl BM-RE AR HTLIFAE 34
31gler] Student t-testoll 93 o4 AAst

o] p<0.05%¢ = ool Atz FAIGI,

[h]

o}

LArEEIL ISR HI-HA F9
HbCO %8 2437 5kd A4 B
3 PAg £33 COS 0.8 T3R|AH IFFA
<+ A5+ (Fig.1). CO 5000 ppm 2.2 308 F
=271 A Fo] HbCO L=+ 72%J2 AASF
o osted 3EAA o 37t —r°ﬂ Bz 355
%ict(Fig. 2).

MM F ojo|iit AMFWSSE g —o>
A MzAeA od& AlgF 494 chromato-
graphy ol 9j3] E2jsle] oln|icAls B4 3o
AAd =] dHadn) AzA Fof oA
22J3 chromatogram & Fig.3, 4 ol FA]5}%c},
olm] = AL&  Fig.5~8¢] “ElH aspartic acid,
glutamic acid, taurine, y-aminobutyric acid
(GABA) 9| ZFFAE o]83}o ke 3%t
ANz i A=A T
A4 ke 2 aspartic acid7b 5.57,
4.24 ymole/g = =Ho]x, glutamic acid 7} 16.
67, 16.04 ymole/g >Z=# |3 taurineo| 5.12,6.
35umole/g = =2 o] vl GABA7l 2.49, 3.60

ofm] Ak A7
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Fig. 3—The chromatogram of amino acid neurotransmit-
ter in control cortex.
a; aspartic acid b; glutamic acid
¢; taurine d; ¥ -aminobutyric aicd.

umole/g === 0 2 aspartic acid & ¥ =
Aol o we] gislel U taurine 3} GABA &
AlzA 22 Foll o] gol ghi=le] glch(Table
1),

Yuzjete EF didsd F ojolci MFEY
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Fig. 4—The chromatogram of amino acid neurotransmit-
ter in control striatum.
a; aspartic acid b; glutamic acid
¢; taurine d; ¥ -aminobutyric aied.
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Fig. 5— Aspartic acid standard curve.
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Fig. 6 — Glutamic acid standard curve.
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Fig. 7—Taurine standard curve. Fig. 8— GABA standard curve.
Table II—The contents of amino acid neurotransmitter in cerebral cortex and striatum of normal rats
Contents (umol/g brain tissue)
Brain region Aspartic acid Glutamic acid Taurine GABA
Cerebral cortex 5.57+0.28 (6) 16.57+0.48 (6) 5.12+0.25 (7) 2.49+0.30 (7)

Striatum 4.24+0.41 (6) 16.04+0.63 (6) 6.35+0.27 (7) 3.60+0.61 (6)

Values are means+S.E.M. of the number of animals in parentheses.

Table II1—The contents of amino acid neurotransmitter in cerebral cortex after CO intoxication.

Contents (xmol/g brain tissue)

Group . Tl,me .after R Aspartic acid Glutamic acid Taurine GABA
intoxication (min)
Control - 5.57+0.28 (6) 16.67+0.48 (6) 5.12+0.25 (7) 2.49+0.30 (7)
CO intoxication 0 1.13+0.06** (7) 4.94+0.21** (7) 5.0410.12 (7) 3.32+0.20 (5)
30 1.2740.11** (4) 4.324+0.18** (5) 6.18+0.45 (5) 3.66+0.27* (5)
60 1.16+0.03** (4) 4.53+0.36** (4) 4.74+0.39 (4) 3.7310.38* (4)
180 2.484+0.11** (4) 7.29+0.43** (4) 4.98+0.48 (4) 2.5210.14 (3)

Values are means+ S.E.M. of the number of animals in parentheses.
Significantly different from the control values.
*p<0.05, **p<0.01

+ Table Iz} 21, AAdzFd A F3HEL
Fig.9,10 2 #Zc}, A Aol A aspartic acid,
glutamic acid & 5.57, 16.67 umole/g =43
2o COMA 30 554171 39 AakaAl ol
A 113, 494 ymole/g HzA o7 A7+ 797,
70.3%< @A 2FaE Jeplgl e (p<o,01)
taurine, GABA 322 CO F352% 5.04, 3.32
umole/g HZA o2 GABA Y 7% 33.3% Z7}

94 Fege gloln

1%L taurine & 79 W3}x|
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okgkth, £ & 308 7]l aspartic acid,
glutamic acid & 3 F5 A3 AakaidH et
wlaste] #cohst W3E JEfA ¥gtew
GABA, taurine 2 2ol vlste] Zt7k 46, 9%,
20.7% Z7+sE19let taurine o 7% fol4de 8l
doh, F5 F K3 AFAelE 5 F 302 A3
Aol ®]3}e] aspartic acid glutamic acid + 2 ¥
342 xolx] wgkord taurine 2 tHETol v]dle]
7.4% 7rastg o f-o4¢ stk 5 F 34
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Fig. 9— The effects of recovery after CO intoxication on

the contents of aspartic acid and glutamic acid

in rat cerebral cortex.

Each point is expressed as ratio to the change
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Fig. 10— The effects of recovery after CO intoxication on
the contents of taurine and GABA in rat
cerebral cortex.

Each point is expressed as ratio to the change
in contents of taurine and GABA ‘in control
group.

Vertical lines indicate + S.E.M.

Significant difference compared with control
values. .
*p<0.05 ©—e Taurine m—% GABA

ARstAl 3= Qe
QitsiEls BE MEH F ojo|il MAXME
Alo| #abst—CO 5000 ppm 22 304 FEA7)

Table VI—The contents of amino acid neurotransmitter in striatum after CO intoxication.

Contents ( mol/g brain tissue)

Time after L S
Group . L . Aspartic acid Glutamic acid Taurine GABA
intoxication (min)

Control - 4.24+10.41 (6) 16.041+0.63 (6) 6.835+0.27 (7) 3.60+0.61 (7)

CO intoxication 0 2.84+0.19** (7) 14.5910.26* (6) 6.50+0.10 (7) 3.89+0.14 (6)
30 2.731+0.24* (5) 15.38+1.13(5) 7.25+0.52 (3) 38.00+0.25 (4)
60 3.44+£0.75 (5) 16.92+0.68 (4) 6.57+0.28 (3) 2.81+0.31 (3)
180 4.27+0.23 (4) 17.12+1.02 (4) 6.45+0.08 (3) 3.50+0.32 (3)

Values are means+ S.E.M. of the number of animals in parentheses.

Significantly different from the control values.
*p<0.05, **p<0.01
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Fig. 11 —The effects of recovery after CO intoxication on
the contents of aspartic acid and glutamic acid
in rat striatum.

Each point is expressed as ratio to the change
in contents of aspartic acid and glutamic acid
in control group.

Vertical lines indicate + S.E.M.

Significant difference compared with control
value

*p<0.05, **p<0.01
o—@ Aspartic acid a—a Glutamic acid

B FE 24, 30,60 E 180 73 HA] A=Al
oAl AZAREAY FEAE FAY ARE
3

< Fig. 11, 120l A58k, A4 aspartic
acid, glutamic acid <= 4.24, 16.04 gmole/g =
Zlo|%j o} 0% F5 Foll& 2.84, 14.59 umole/g
HEAo g Aaso] wis) 350,9.0%9 Z4E
elllglom] Aalke o4 taurine, GABA+ 6.35,
3.60 yumole/g =2 qld] vt CO 30% 55

9] AAkzAH A= 650, 3.89 umole/g H=A o
2 ) Sk e oA sl F5 £ 30
¥-73 7K ¢l ‘asparticacid & 2.73 ymole/g =& o
2 djz=Fol ®l8l 35,6% #H4dcH(p<o0, 05).
Glutamic acid & CO 55 30% 72} ol 15.38
umole/g HxzA o g HAlHo| wls} 41%Y 74
ol z¥c}t. Taurine€ 14.1% %7}, GABA =
16, 6% A3l ot oA gt F5F F 14
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Fig. 12— The effects of recovery after CO intoxication on
the contents of taurine and GABA in rat
striatum.

Each point is expressed as ratio to the change
in contents of aspartic acid and glutamic acid
in control group.

Open symbols represent control values.

o—e Taurine w—m GABA

b AR S5 F 308 APt €lasie
aspartic acid, glutamic acid & Z7t=lo] 355
L A8 Jehin taurine, GABA & Z4=
Ak FJAL stk F5 F KT AFAAdE
aspartic acid, glutamic acid, taurine, GABA &
2ol wlste] ZHt 0.7, 6.7, 1.5, 2.7%9 243
S5 Ele] 2% A A A 3
238 29t

o F

CO 5000 ppm A 3087k F5AIZE = COE
A7 ALl AsfH o] b4yt 2100t 2
7] W5l 97 3¢ CO7l &Fd=4d 44 Hb#
Agsle] HbCOE FAsle] Ao Akl
€ AR Bk opeEl olw| AgPsY Ue
HbO, 2459 Alcsiz]= A=) AT Ag A
A4 Fo] fHbse]d Fertolud Cur*3le] AFH=
748led o] g F<o| g A E4UAE A
z51A17|w B3 =&Y 33349 mitochondrial
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cytochrome oxidase ol 3Hi3 %o} 243
FES A&l AAALGAE 3lste] =40 4k
3] 2ANAE A @ &3] CO+ FF
ARANAE ZA A Fo? tixafd, A=A
54 Foll ohkdt A4 W HAA FAbe] el
w9 o] AL FHAAA ALEAL] wis) e 7o
Atgl 2ol F7AET ofuz] QlAlslE9] wghsie
B HAPFFe] A 5] Yeld 4 QUi o
2} Zk=ollAe] A7} B s]of 9l

£ AgelAx CO 5000 ppm o4 308 Fab F
FAIAE A 92T dzAoNA FEA ofm|e
Ab A7 ADLEAQl aspartic acid 2F  glutamic
acid o] e 4= JAA AAAY opr| =
Ak GABA & #94& gislet F71=lgi), ol
COol 93 AHALF ol9ols N, gas® A-83
AALLFol A AARE Wood 59 Ea199} 3dA
gloll4] A& Erecinska 52202 A&7 7ol A
v okdat dA8Idct, =3 Weinberger 52
< mongolian gerbil & & HFHE AAslo
A7) S dAd=e] AdzAlold 942 synapto-
some 2 glutamic acid 8] £¢& 7+4£A)17icka F
How David 5222 F9=2719 24 d=gd
o4 GABA ol dA3F Frlslgicn ¥ w3ty
o} olAL COR Qld Aak&FAlel Hujell49
Y Aae) AAAY F1E HldEe e
FAd,

Gibson 572 aspartic acid, glutamic acid &
glucose ¢] -3, & TA4l3l2e] S 28 #
e =d AakaF Aol olE Afsld AEE
olf olul:Ale] ¥gke] ZAHcm dgich, HF
I FEE 59 4 JE Jdudxde FLaA
glucose ito 2 FHPo)A 0,9 glucose & T+
dho} FjtA|, FA43E Y AAALGAE AA
ATP &9 oA AsHE k13 o2 oA
E Ao ARALEAY I Ho5 {9 o
BE AR3Eed CO $528 0, 7] #F
g A4S Ao+ glucose o Wl F4-7} 50
% ©l3tZ Zt4E|0® oLix] AMA A2 ATP
7ol o} A Jle-f=Rlol Edke] ofrET},
Prejer,2*, Hagberg®®, Benveniste 520-& #|Ak4&
ZFAle]l ATP A3tz ATP ¢&3<3 reuptake
system ¢] €422 aspartic acid, glutamic acid

7} AT 2 ulEs]o] MEuolrje] Ffo] zhad}
2 AFole FA%oz Fy iz s,
Aspartic acid, glutamic acid®] ®i& reuptake
system 2 GABA ol v]8] #Al&Fol of& =73}
che A Bt 9ok oo g 1A AAAR
£7d9] synaptic cleft 29| 9l&-2 Al Zol| <44l
Bl 5238 fFx3le] positive feedback cascade
reactionol] €3] ohg o7 AAALER ¥
AAe] ohek B2 5 o] 3l+ glutamic acid, aspar-
tic acid 9 2% Z7417c}h,  Glutamic acid &
neurotoxic 3] wigel °f ofnleAke] o a2
neuron ol Ad A vl 4 Qloka »wE w}
gl;}. 27-30)

A7 zAo|A o] GABA 3o A d4aql
glutamic acid decarboxylase (GAD)$} 3] &4
¢l GABA-transaminase ol 93l Z=FHclw 31
o}, 2080 qAaZs A AE A g40]
2559 712 GAD $4°] FAdvhe Agra
7b 9deh. 3 w3 Aol GAD+ cofactor Q1
pyridoxal-5'-phosphate ol &J3}e] ¥ HAog %
3slo] ik 3}, 2 Glutamate = pyridoxal
phosphate ¢ #z]E FAgezn =3 ATPE
a2 AFE A2 GAD TS #HaAdsn
stolct, 3299 wield AAALFH S AHAAE
glutamate ¢} ATP 7} 7H4&=o] GAD 48 &4
Al 4 9emz GABA o] ZFvlsicka AL
B3}, GABA HdiA]dl&= A&7l 87=+=dH CO
2 gt AAaLF Aol AkeFFo 2 GABA #3
3549 GABA-transaminase #4e| oA|xlojss
=Auje] GABA 3| F7h=icka A7k,
=3 COE Qg AdaFAlel AAAq 434 o
A7b EAsle] A3 29] GABA shunt path-
way & £33 GABA 9 o4& A& uhgke
2 F=2E 4 ke ¥l ek 19 ol2dt o
7153 71Ael 93ty CO F5A4]o GABA 3]
ZUkEch Aladc), & A¥olAe GABA &
#ke] Z7}71 Erecinska 5299 A7 olAohe
g AzAlolA feliol fiRw AL FEAN
GAD ¥4 %712 <3 GABA 715 97| S8
GAD 9AIA 4l 3-mercapto propionic acid & 5
3137 wiEo|etz gzt

AAA obr]al A17HAEEAS taurine & CO
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