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Abstract : In the present study, the effects of experimental separation of the lower incisor on

memory function and the levels of brain neurotransmitters and related compounds were examined

in mice at day 2, 7 and 14 after separation (0.5 or 1.0 mm) treatment. The effects of the treatment

on memory functions were tested by the multiple maze, T-maze and radial maze methods. The

effects of the treatment on levels of neurotransmitter-related compounds in the hippocampus,

cerebral cortex, striatum and hypothalamus were examined by high-performance liquid

chromatography with an electrochemical detection system after the end of the each memory test.

In mice, the experimental incisor separation induced dysfunction of all memory tested and
increased the levels of 3-methoxy - 4 - hydroxyphenylglycol (MHPG), the main metabolite of the
neurotransmitter noradrenaline, in all brain areas only on day 2 after treatment. These results

suggest that incisor separation may inhibit the memory function of mice via activation of the

central noradrenergic system.
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Fig. 3 Experimental schedules of training and performance trial on the three maze methods in mice.
Left panel is for the multiple maze and the T-maze methods and right panel is for the radial maze

method.
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Fig. 4 Schematic diagram of a top view of the multiple maze apparatus.
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Fig. 5 Schematic diagram of a top view of the T-maze apparatus and the trial procedure.
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O : Water,
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Fig. 6 Schematic diagram of a top view of the
radial maze apparatus.
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Fig. 7 The time-dependent change of the
loading strength after treatment of tooth
separation.

Values are the mean®=SEM (n= §).
* p<0.05 by Student’s t-test.
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Fig. 8 The body weight change of mice during the experimental period.
A : 1.0 mm separation, B : 0.5 mm separation.
Values are the mean (n=16).
* p<0.05 by Student’s t-test.
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Fig. 9 The time-dependent change of the number of rotations measured by the wheel-running apparatus
after treatment of tooth separation.
A : 1.0 mm separation, B : 0.5 mm separation.
Values are the mean®=SEM (n=16).
* p<0.05 by Student’s t-test.
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Fig. 10 The change of the number of errors on the multiple maze method after treatment of tooth
separation.
A : 1.0 mm separation, B : 0.5 mm separation.
Values are the mean®™SEM (n=16).
* p<0.05 by Mann-Whitney’s U-test.
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Fig. 11 The change of the correct response in alternation task at delays of 120 sec on the T-maze method

after treatment of tooth separation.

A : 1.0 mm separation, B : 0.b mm separation.

Values are the mean (n=16).
* p<0.05 by chi-square test.
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A : 1.0 mm separation, B : 0.b mm separation.

Values are the mean (n=16).
* p<0.05 by Mann-Whitney’s U-test.

FE, LomEEHOLER 2 HHICBWTHE
Uﬁ?%ﬁutocwgﬁﬁﬁT@m%&7a
HB LO4HBHDOMETERED ond, £720.5
M%%ﬁ®L%&ZEE BOLTLHRED LN
Motz (Fig. 11,

3) ZEMEEAIRCIERE

TR KRS 1 %5 1) 2 ZERTFEAIRER I B W\ ¢,

LOmmEEBARE O MLE % 2 HEICHB W T O A ESE
REOFERRDER LI, TOX DD

LiEH 3 BELRIAHE £ TORIE TRED S
N, F05mBEHEOMER 2 HHICBWT

353%1275 SN -1 (Fig. 12),

IS o 3 5 e 8
1)PW%/7 VR E B & OB
WVEEORE

<~ U 20N, KIMEE, BEEK, RIKTE
BT E /207 KL+ yEEEEYE (/o

7R L) v EEERAYIE O MHPG), ko3
I MRBEEYE (oY v & FEAHE O

DOPAC, HVA) BXU v o b = v XY
H (o b= EEFEMGEEO 5 -HIAA) (<
BAL <, LOmmEfBAEEOMER 2 HHICE T 2



46 fiE g

Table 1 Effect of 1.0 mm of tooth separation on the levels of monoaminergic neurotransmitters and
related compounds in the hippocampus of mice.

Day 2 Day 7 Day 14°

Control Treatment Control Treatment Control Treatment
NA 2.81 = 0.12 2.85 £ 0.07 2.65 + 0.12 2.59 £+ 0.12 281 £0.11 277 = 0.20
MHPG 0.27 £ 0.01 0.32 = 0.01* 0.20 = 0.01 0.21 = 0.02 0.26 = 0.01 0.24 = 0.01
DA 0.63 £ 0.05 0.69 = 0.04 0.59 = 0.03 0.64 £ 0.08 0.69 % 0.05 0.80 = 0.12
DOPAC 0.15 = 0.01 0.17 + 0.01 0.11 = 0.01 0.12 = 0.01 0.23 =+ 0.01 0.24 = 0.01
HVA 0.25 £ 0.01 0.30 = 0.02 0.28 £ 0.02 0.27 = 0.02 0.34 £ 0.01 0.38 £ 0.02
5-HT 2.82 +0.11 291 = 0.12 2.54 * 0.07 2.68 = 0.19 2.87 £ 0.10 2.80 = 0.12
5-HIAA 1.38 £ 0.09 149 + 0.06 1.29 £ 0.03 1.34 = 0.11 1.30 = 0.03 1.31 = 0.05

Values represent the mean®=SEM (n= 7-9) and compound levels are expressed in nmol/g tissue weight.
* Mice were Kkilled by microwave irradiation at day 2, 7 and 14 after tooth separation.

*p<0.05 by Student’s t-test.

NA : noradrenaline, MHPG : 3-methoxy-4-hydroxyphenylglycol, DA : dopamine, DOPAC : 3,4-dihydroxy-
phenylacetic acid, HVA : homovanillic acid, 5-HT : serotonin, 5-HIAA : 5-hydroxyindoleacetic acid.

Table 2 Effect of 1.0 mm of tooth separation on the levels of monoaminergic neurotransmitters and
related compounds in the cerebral cortex of mice.

Day 2° Day 7 Day 14°

Control Treatment Control Treatment Control Treatment
NA 1.77 £ 0.06 1.87 £ 0.05 2.19 +0.13 211 +0.12 1.96 = 0.09 1.80 = 0.14
MHPG 0.16 = 0.01 0.20 = 0.01* 0.21 = 0.02 0.21 = 0.01 0.19 = 0.01 0.18 = 0.01
DA 3.15 4 0.23 3.01 £ 0.22 372 £0.22 3.59 *+ 0.25 3.98 = 0.19 443 = 0.31
DOPAC 0.37 = 0.02 0.40 £+ 0.04 0.44 + 0.06 0.42 £+ 0.03 0.42 = 0.01 0.46 & 0.02
HVA 0.92 = 0.07 0.89 & 0.04 1.11 £ 0.06 0.99 = 0.04 1.06 £ 0.17 1.02 £ 0.05
5-HT 2.57 = 0.09 2.72 = 0.14 2.92 +0.10 3.02 + 0.16 2.73 &= 0.05 274 = 0.11
5-HIAA 0.66 = 0.05 0.75 + 0.04 0.70 = 0.02 0.67 = 0.03 0.76 = 0.04 0.77 = 0.02

Values represent the mean®=SEM (n= 7-9) and compound levels are expressed in nmol/g tissue weight.
" Mice were killed by microwave irradiation at day 2, 7 and 14 after tooth separation.

*p<0.05 by Student’s t-test.

The explanation of abbreviations is given in Table 1.

Table 3 Effect of 1.0 mm of tooth separation on the levels of monoaminergic neurotransmitters and
related compounds in the striatum of mice.

Day 2° Day 7 Day 14°

Control Treatment Control Treatment Control Treatment
NA 1.11 = 0.05 1.29 = 0.08 1.36 £ 0.05 1.37 + 0.07 1.41 = 0.08 1.37 = 0.15
MHPG 0.20 + 0.01 0.26 £ 0.02* 0.28 + 0.01 0.31 *= 0.03 0.24 *= 0.01 0.24 = 0.02
DA 76.86 £ 2.19 85.16 &= 3.41 75.80 = 3.85 78.83 £ 4.65 78.26 = 4.23 73.87 = 252
DOPAC 3.61 = 0.18 4.26 + 0.28 3.69 £ 0.20 3.64 * 0.36 358 +0.18 3.69 +0.18
HVA 5.69 + 0.19 6.09 + 0.23 6.21 + 0.42 6.41 == 0.26 6.10 = 0.31 593 +0.27
5-HT 3.54 £ 0.09 354 = 0.16 377 £0.11 4.15 = 0.24 4.64 £ 0.09 419 = 0.24
5-HIAA 1.45 = 0.06 1.62 = 0.06 1.58 == 0.07 1.75 = 0.09 1.68 &= 0.04 1.69 == 0.05

Values represent the mean+SEM (n= 7-9) and compound levels are expressed in nmol/g tissue weight.
“ Mice were Killed by microwave irradiation at day 2, 7 and 14 after tooth separation.

*p<0.05 by Student’s t-test.

The explanation of abbreviations is given in Table 1.
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Table 4 Effect of 1.0 mm of tooth separation on the levels of monoaminergic neurotransmitters and
related compounds in the hypothalamus of mice.

Day 2¢ Day 7 Day 14*

Control Treatment Control Treatment Control Treatment
NA 941 £ 0.34 8.58 = 0.30 9.62 = 0.18 10.34 = 044 10.15 + 047 10.17 = 0.53
MHPG 0.50 =+ 0.02 0.61 = 0.03* 0.59 = 0.03 0.56 + 0.04 0.50 = 0.02 0.50 = 0.02
DA 461 £0.10 455 = 0.25 492 + 0.21 4.93 £ 0.20 4.95 = 0.25 491 = 0.22
DOPAC 1.12 = 0.02 1.30 = 0.11 1.30 = 0.07 1.34 = 0.08 1.34 + 0.07 1.37 £ 0.09
HVA 1.58 = 0.07 1.54 = 0.07 1.73 = 0.06 1.67 = 0.07 1.73 £ 0.06 1.62 = 0.09
5-HT 741 +0.22 712 = 0.17 8.27 + 0.27 8.49 + 0.44 8.08 = 0.24 7.83 + 0.39
5-HIAA 2.33 = 0.10 2.49 + 0.05 2.42 + 0.05 2.61 + 0.14 2.33 = 0.09 232 +0.12

Values represent the mean®=SEM (n= 7-9) and compound levels are expressed in nmol/g tissue weight.
* Mice were Killed by microwave irradiation at day 2, 7 and 14 after tooth separation.

*p<0.05 by Student’s t-test.

The explanation of abbreviations is given in Table 1.

Table 5 Effect of 1.0 mm of tooth separation on the levels of acetylcholine and choline in the discrete
brain areas of mice.

Day 2* Day 7* Day 14°
Control Treatment Control Treatment Control Treatment

Hippocampus

ACh 29.6 £ 0.7 30.0 £ 04 265 £ 1.0 26.6 = 1.2 30.1 = 1.7 30.6 £ 3.6

Ch 19.6 £ 0.9 179 £ 0.8 222t 14 207 £ 1.9 211 =17 21.1 = 1.6
Cerebral cortex

ACh 23.3 £ 09 222 £ 0.7 26.4 + 2.3 27.8 = 3.1 257 £ 1.2 26.0 = 0.9

Ch 223 £ 1.2 20.2 £ 1.0 28113 253 =35 296 - 1.6 294 = 2.0
Striatum

ACh 81.0 £ 1.7 82.8 £ 2.2 795 + 34 81.2 =37 883 £ 24 91.2 £ 29

Ch 346 £ 1.3 33.8 £0.8 365t 14 342 £ 25 442 + 1.1 44.8 £ 2.0
Hypothalamus

ACh 375+ 08 356 £ 1.8 352+ 1.1 36.8 =15 40.5 = 2.1 385119

Ch 323 £ 0.7 333+t 14 325112 30.3 £ 2.2 39.1 0.8 429 + 2.1

Values represent the mean=SEM (n=7 - 9) and compound levels are expressed in nmol/g tissue weight.
* Mice were killed by microwave irradiation at day 2, 7 and 14 after tooth separation.
ACh : acetylcholine, Ch : choline.

Table 6 Effect of 1.0 mm of tooth separation on the levels of neurotransmitter amino acids in the
hippocampus of mice.

Day 2° Day 7 Day 14°

Control Treatment Control Treatment Control Treatment
Asp 2.13 = 0.07 2.03 £ 0.06 2.04 £ 0.05 2.02 & 0.04 2.06 = 0.05 2.00 = 0.05
Glu 9.44 £ 0.19 9.57 = Q.12 951 = 0.14 9.38 = 0.13 9.97 = 0.18 9.69 = 0.18
Gln 413 £ 0.11 4.22 = 0.09 4.37 = 0.08 4.10 = 0.17 4.19 = 0.07 4.02 = 0.09
Gly 0.70 = 0.02 0.69 = 0.03 0.69 £ 0.02 0.73 = 0.01 0.76 = 0.01 0.73 = 0.01
Tau 10.62 £ 0.11 10.40 + 0.11 10.59 £ 0.18 10.82 = 0.21 11.29 = 0.23 10.83 + 0.33
GABA 1.90 = 0.04 1.91 £ 0.04 1.94 £ 0.03 1.92 £ 0.05 1.98 £ 0.05 2.03 = 0.05

Values represent the mean™SEM (n=7 - 9) and compound levels are expressed in gmol/g tissue weight.

* Mice were killed by microwave irradiation at day 2, 7 and 14 after tooth separation.

Asp : aspartic acid, Glu : glutamic acid, Gln : glutamine, Gly : glycine, Tau : taurine, GABA : y-aminobutyric
acid.
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