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RELATIONSHIPS BETWEEN THE CONCENTRATION OF GLUTAMIC ACID
IN THE RAT FRONTAL CORTEX AND MASTICATION
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Abstract:  Relationships between the concentration of glutamic acid in the rat frontal
cortex and mastication were evaluated in this study. Using an encephalic micro-dialysis
method, the concentration of glutamic acid in the frontal cortical extracellular fluid in non-
restrained and non-anesthetized rats was measured at intervals of 10 minutes using high
performance liquid chromatography, and serial changes in the concentration of glutamic
acid before and after eating were evaluated.

The concentration of glutamic acid increased immediately after eating solid food. This
increase was observed immediately after mastication by biting and cutting the solid food
with the incisors, and it was also observed during the period 10 minutes after the start of
mastication while eating the food. With powdered food, the increase in the concentration
of glutamic acid was observed only during the period 10 minutes after the start of
mastication. The increase in the concentration of glutamic acid due to mastication was
inhibited by CNQX, but it was not inhibited by MK801, suggesting that AMPA/KA
receptors were involved in the concentration increase.
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Agranular insular cortex
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Fig. 1. Position in which dialytic membranes were inserted. Diallytic membranes of 3 mm in length

were inserted in the left frontal cortex.
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The concentration of glutamic acid was measured using a microdialysis method.

Table 1. Experimental groups (Experimental 1)

Influence of mastication on the metabolism of glutamic acid in the frontal cortex

The normal-solid group:
The normal-powder group:
The disorder-solid group:
The disorder-powder group:

Normal rats were fed on solid food.

Normal rats were fed on powder food.

Masticatory disorder rats were fed on solid food.
Masticatory disorder rats were fed on powder food.
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Table 2. Experimental groups (Experimental 2)

Changes in the concentration of glutamic acid by the administratio of glutamic acid

receptor antagonists during mastication

The artificial cerebrospinal fluid group

adiministered to the frontal cortex.

. Artifical cerebrospinal fluid was

The artificial cerebrospinal fluid + eating group : Artificial cerebrospinal fluid was
administered to the frontal cortex, and the rats were fed on food.

The MK801 group: MK801 was administered

The MK801 + eating group : MK801 was administered, and the rats were fed on food.
The CNQX group : CNQX was administered.

The CNQX + eating group : CNQX was administered, and the rats were fed on food.
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group
normal-solid

60 * group
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n=7 meant*SE

Fig. 3. Influence of differences in the types of food on the concentration of glutamic acid during mastication.
The concentration increased immediately after eating, and then reached a plateau in the normal-solid
group. In the normal-powder group, the concentration showed a slow increase, and a significant increase
was observed during the period 10 minutes after the start of eating, and thereafter, it showed a serial
increase over time. The concentration at the time of O minutes was significantly lower in the normal-

powder group than in the normal-solid group.

* 4+ :p>0.05 vs baseline # : p>0.05 normal-solid group vs normal-powder group
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(%)
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120 T # T +
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group
disorder-solid
60 A group
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n=7 mean*SE
Fig. 4. Inifluence of masticatory disorders on the concentration of glutamic acid in the frontal cortex (in cases of
solid food) -
The concentration of glutamic acid significantly increased after 50 and 60 minutes in the disorder—solid
group. The concentrations after 0, 10, 30, and 40 minutes were significantly lower in the disorder-solid

group than in the normal solid group however, no significant diffrences were observed during the period
after 50 minutes.

+ :p>0.05 vs baseline # : p>0.05 normal-solid group vs disorder-solid group
CF. Fig. 3 for intra-group significant differences in the normal-solid group.
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Fig. 5. Presence of masticatory disorders (in cases of powder food)
The concentration of glutamic acid increased after eating in the disorder-powder group, and significant

differences were observed after 20 minutes. No significant differences were observed between the normal-
powder and disorder-powder groups.

*: p>C.05 vs baseline (disorder-powder group)
Cf. Fig. 3 for intra-group significant differences in the normal-powder group.
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Fig. 6. Influence of drug administration to the frontal cortex

Almost no changes in the concentration of glutamic acid were observed after administration to the
frontal cortex in the artificial cerebrospinal fluid and CNQX groups. However, the concentration of
glutamic acid decreased after administration in the MKS801 group, in which the concentration
significantly decreased at the time of O minutes in comparison with the baseline, and then it increased
during the period after 50 minutes, and returned to the baseline. Significant differences were observed
after 10 and 20 minutes between the MK801 and the artificial cerebrospinal fluid groups . *: p>0.05 vs
baseline (MK801 group) #: p>0 05 artificial cerebrospinal fluid group vs MK801 group

(%)
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120

100

80 Artificial cerebrospinal
D fluid+eating group
@ MK801+eating group
60 A CNQX+eating group
Baseline 0 10 20 30 40 50 60 (min)

n=7 mean*SE

Fig.7. Changes in the concentration of glutamic acid by drug administration and during eating

The artificial cerebrospinal fluid + eating group showed a significant increase immediately after eating.
The MK801 + eating group showed a significant increase between 20 and 50 minutes after eating.The
CNQX + eating group showed no significant changes . No significant differences were noted among the
three groups. +: p>0.05 vs baseline (artificial cerebrospinal fluid + eating group) *: p>0.05 vs baseline
(MK801 + eating group)
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B) 7% I VEEREE SRS L B
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Fig.8. Influence of MK801 on the fluctuations of glutamic acid concentration during eating
Significant differences were observed after 30 and 40 minutes between the two groups.

#: p>0.05 MK801 group vs MK801 + eating group
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