2g385|X|, The Journal of Applied Pharmacology 3, 91-96(1995)

Al ERI0| | oto|ictl MAHMSEZ
g ojx|l= g

OJMdE|* - AICHA - 2
FPRAGA AT

Changes of Amino Acid Neurotransmitter Contents
in Rat Brain by Toluene Inhalation

Sun Hee LEE*, Dae Sup SHIN and Pu Young Kim
National Institute of Safety Research, 5 Nokbun-dong, Eunpyung-gu, Seoul, Korea

(Received March 2, 1995; accepted March 17, 1995)

Abstract—The effects of toluene inhalation on the contents of amino acid neurotransmitters in rat brain were
investigated and blood toluene concentrations inducing changes of behavior and amino acid neurotransmitter
contents in rat brain were observed. Male wistar rats were exposed to toluene vapor (single dose : 1700,
5000 and 10000 ppm for 2 hrs, repeated dose : 1700 and 5000 ppm for 2 hrs/day X6 days). Toluene concentra-
tions in blood and the inhalation chamber were assayed by GC with headspace sampler. HPLC method follo-
wing PITC derivatization was used to measure the amino acid contents in brain tissues such as frontal cortex,
caudate, hippocampus, cerebellum and brain stem. Glutamic acid and aspartic acid levels were increased by
single inhalation of toluene (5000 ppm) in all the brain areas assayed in this experiment. In caudate and
cerebellum, taurine levels were decreased by single inhalation of low dose toluene (1700 ppm), but increased
by repeated administration. At high blood toluene concentration, GABA levels were increased in all the brain
areas assayed in this experiment and the increasing extents of inhibitory amino acid contents measured in
caudate and hippocampus were greater than those of excitatory amino acids. These results suggest that the
changes of amino acid neurotransmitter contents in brain by exposure to toluene may modulate toluene-induced
behaviors.
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Table I. HPLC gradient conditions used for the assay of
free amino acids in the rat brain

Time (min) Flow (ml/min) %A %B
0 10 97 3
220 1.0 97 3
23.0 1.3 90 10
40.0 13 90 10
405 1.3 0 100
46.0 13 0 100
465 1.3 100 0
485 1.3 100 0
490 1.0 97 3
53.0 1.0 97 3

Column: PICO-TAG, Detector: UV 254 nm, Mobile phase: Gra-
dient A: Buffer(pH 6.5, sodium acetate +EDTA); ACN=975:19.65
B: ACN:DW:MeOH=2353.7:400:118.65
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Fig. 1. Method of toluene inhalation.
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Fig. 2. Profiles of toluene concentrations in inhalation cham-
ber during single administration of toluene for 2 hrs.
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Table II. Changes of amino acid neurctransmitter contents (umole/g wet tissue) in rat frontal cortex by single and repeated

inhalation of toluene

ASP GLU GLY TAU GABA
Single (2 hrs)
control 0.67+0.13 1.30+ 0.38 0.20+ 001 1.13+ 0.12 0.37+ 0.07
1700 ppm 0.65+0.17 1.87+ 0.26 025+ 0.03 091+ 0.11 0.39+ 0.05
5000 ppm 1.00+ 0.01 226+ 0.12* 0.23+ 0.05 146+ 0.14 0.49+ 0.17
10000 ppm 0.361 0.05 0.71+ 0.06 0.32+ 0.02* 1.23+ 0.07 0.59+ 0.03
Repeated
control 1.07+0.11 1.38+0.22 0.244+ 0.04 0.89+ 0.15 0.44+ 0.06
1700 ppm (2 hrs/day X 6 days) 0.71+ 0.26 1.20+0.09 0.40+ 0.05* 142+ 021 0.58+ 0.09
5000 ppm (2 hrs/day X 6 days) 1.91+ 0.29* 249+ 0.40* 047+ 0.03* 1.55+ 0.23* 1.09+ 0.28*

Values are mean +S.E. (n=6). Statistical differences were compared with control values. (*p<0.05)

Table ITI. Changes of amino acid neurotransmitter contents (umole/g wet tissue) in rat caudate by single and repeated inhalation

of toluene.
ASP GLU GLY TAU GABA
Single (2 hrs)
control 0.39+ 0.05 041+ 0.12 0.22+ 0.03 165+ 0.26 0.53+0.10
1700 ppm 0.36+ 0.02 0.84+ 0.09 0.14+ 0.01 0.70+ 0.06* 0.21+ 0.02"
5000 ppm 0.73+ 0.07* 1,53+ 0.14* 0.32+ 0.01 1.93+ 0.20 0.96+ 0.18*
10000 ppm 0.40+ 0.05 0.57+ 0.06 0.24+ 0.03 1.20+ 020 0.56+ 0.10
Repeated
control 0.80+ 0.10 0.80+ 0.11 0.22+ 0.03 0.96+ 0.16 0.37+ 0.06
1700 ppm (2 hrs/day X6 days) 048+ 0.17 0.80+0.12 0.24+ 0.01 144+ 0.12*% 042+ 0.04
5000 ppm (2 hrs/day X 6 days) 1.03+ 0.06 116+ 0.07* 0.364- 0.03* 127+ 0.04 0.83+ 0.13*

Values are mean + S.E. (n=6). Statistical differences were compared with control values. (*p<0.05)



94

z2Fa zelrl Kot GABARE EF-4l 5000 ppm
13 %ol 7o) AzA 2} dulell A Zr}sldch 19 24744
647t EFdl HHEFolA] Wi wfdz Lo A glycine
Fe Segvldd wel folAHeR Frkstdden tau-
rinesk2- 1700 ppmFoI o] AzA|, #w}, 2xF-9e)
5000 ppmT-oi 2] dlx =g D WA A F7t
atelrh. GABASES EFol 5000 ppm HFE-FoiA] B A
oA A BB HFHlA djxTe ulF] 2uo]4t
Z7}e}eiciTable I1-VI).
o]Al-_,,}. zZro] EF QL

FATAA e BRAL

Table IV. Changes of amino acid neurotransmitter contents (umole/g wet tissue) in rat hippocampus by single

inhalation of toluene
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and repeated

ASP GLU GLY TAU GABA
Single (2 hrs)
control 033+ 0.04 0.29x 0.06 022+ 0.04 1.05+ 0.17 040+ 007
1700 ppm -0.40+ 0.05 116+ 0.14* 0.21+ 0.03 0.68+ 0.09 0.26+ 0.04
5000 ppm 052+ 0.07* 113+ 0.11* 0.21+0.03 0.90+ 0.08 045+ 0.07
10000 ppm 040+ 0.07 0.62+ 0.13* 0.24+0.03 0.81+ 0.10 045+ 0.07
Repeated
control 045+ 0.03 0.66+ 031 0.17+0.01 049+ 0.04 0.25+ 0.01
1700 ppm. (2 hrs/day X 6 days) 0.30+ 0.05 0.71+ 012 0.25+ 0.04 0.80+ 0.09* 0.41+0.04
5000 ppm (2 hrs/day X 6 days) 0.62+0.10 0.80+ 012 0.24+ 0.03 0.58+ 0.09 0.54+ 0.09*

Values are mean + S.E. (n=6). Statistical differences were compared with control values. (*p<0.05)

Table V. Changes of amino acid neurotransmitter contents (umole/g wet tissue) in rat cerebellum by single and repeated

inhalation of toluene

ASP GLU GLY TAU GABA
Single (2 hrs)
control 0.87+0.13 1.56+ 0.36 0.26+ 0.02 1.33+0.13 0.50+0.04
1700 ppm 0.50+ 0.02* 115+ 0.14 0.224 0.03 0.56+ 0.08* 0.244+ 0.01*
5000 ppm 1484+ 0.12* 2.98+ 0.17* 0.38+ 0.02 1.94+ 0.12* 0.86+ 0.35
10000 ppm 0.94+ 0.11 1.85+ 045 041+ 009 1.66+ 0.29 152+ 0.16
Repeated
control 2.23+ 0.08 146+ 0.09 0.33+ 0.02 094+ 0.10 0.61+ 0.05
1700 ppm (2 hrs/day X 6 days) 147+ 0.86 1924+ 0.59 0.53+ 0.08* 1.844 042* 0.74+ 0.14
5000 ppm (2 hrs/day X 6 days) 1.77+ 0.14* 2.034+ 0.20* 0.494+ 0.05 123+ 0.11 117+ 0.21*

Values are mean +S.E. (n=6). Statistical differences were compared with control values. (*p<0.05)

Table VI. Changes of amino acid neurotransmitter contents (umole/g wet tissue) in rat brain stem (medulla)

repeated inhalation of toluene

by single and

ASP GLU GLY TAU GABA
Single (2 hrs)
control 0.65+ 0.17 0.29+ 0.06 0.56% 0.11 040+ 0.13 0.33£ 0.06
1700 ppm 0.39+ 0.05 0.57+ 0.06 0.68+ 0.06 0.26+ 0.03 0.27+ 0.02
5000 ppm 0.96+ 0.29 1.71+ 0.25* 1334 0.10* 0.56+ 0.05 046+ 0.03
10000 ppm 0.79+ 0.10 0.61+0.10 0.99+ 0.13* 0.724+ 040 0.35+ 0.05
Repeated
control 0.68+ 0.07 0.45+ 0.06 0.60+ 0.07 0.20+ 0.03 0.25+ 0.02
1700 ppm (2 hrs/day X 6 days) 0.45+ 0.03 0.62+ 0.06 0.59+ 0.20 0.274+ 0.03 0.33+ 0.02
5000 ppm (2 hrs/day X6 days) 1.724+ 0.15** 1.03+ 0.05** 1.22+ 0.15** 0.38+ 0.04** 0.74+ 0.09**

Values are mean + S.E. (n=6). Statistical differences were compared with control values. (*p<0.05)
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