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semicircular canal (SCC) occlusion and 4G hypergravity exposure.
Methods: Twelve to 16 weeks old ICR mice (n=30) were used for the experiment.
The experimental group divided into 3 groups. One group had undergone bilateral
chemical labyrinthectomy, and the other group had performed SCC occlusion
surgery, and the last group was exposed to 4G hypergravity for 2 weeks. The
movement of mice was recorded using camera in Y maze which had 3 radial
arms (35 cm long, 7 cm high, 10 cm wide). We counted the number of visiting
arms and analyzed the information of arm selection using program we developed
before and after procedure.
Results: The bilateral labyrinthectomy group which semicircular canal and
otolithic function was impaired showed low behavioral performance and spacial
memory. The semicircular canal occlusion with CO, laser group which only
semicircular canal function was impaired showed no difference in performance
activity and spatial memory. However the hypergravity exposure group in which
only otolithic function impaired showed spatial memory function was affected
but the behavioral performance was spared. The impairment of spatial memory
recovered after a few days after exposure in hypergravity group.
Conclusions: This spatial memory function was affected by bilateral vestibular loss.
Space-related information processing seems to be determined by otolithic organ
information rather than semicircular canals. Due to otolithic function impairment,
spatial learning was impaired after exposure to gravity changes in animals and this
impaired performance was compensated after normal gravity exposure.
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Fig. 1. Centrifugal rotator for hypergravity (HG). Animals were
exposed to HG in a centrifuge with 4 horizontal arms (length,
0.8 m) and ventilated free-swinging gondolas situated at the end
of the arms. Each gondola contained one cages (0.3 m long, 0.4
m high, 0.3 m wide). The HG vector was perpendicular to the
bottom of the cages and had a magnitude of 4G (angular velocity,
3.18 rad/sec; tilt of the gondolas, 0.578°). The mice were rotated
in animal rotator for 22 hours a day and rested during stop of
rotation in 1G for 2 weeks. A camera in each gondola allowed
observation of the animals. Cages were cleaned every day and
turned clockwisely.

Fig. 2. Y-maze and analyzing program. The Y-maze consisted
of symmetrical 3 arms (35 cm long, 7 cm, high, 10 cm wide).
The performance was evaluated by spontaneous alteration test:
the number of visit each arms & 2. Place recognition test. The
movement of mouse was recorded on the camera fixed to top
of the maze. We developed the program to analyze the movement
of mouse in Y-maze. The total number of ABC arm entries and
alternation behavior were recorded using a video camera and the
program.
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Fig. 3. Place recognition test. Spatial memory was assessed by
place recognition test. The task consisted of 2 steps. Mouse was
placed and allowed to explore the maze in which B arm blocked
so the mouse could explore only A and C arm for space memory
training for 3 minutes. After the training time, the mouse was
placed in the maze with the 3 arms open and was allowed to
explore the maze freely for 6 minutes. If the mouse is normal
spatial perception, the mouse should visit B new arm more because
mouse has affinity to new place.

2018-006081) 0.2 tfe A7} uj2oj| A ZF arm O 2 o]
g0l BAYkFig 2).
who27k AR o] 37142 Mol Wskye] &
=42 Tefste] 27b4 AR WALk R AA A
o

=
B
o
fu
=)
Ho
[~
N
il
2
N
St
4
il
J

r

& Eoj7t 345 S=31= same arm return (SAR)
=4} F HA A3 place recognition test (PRT)E

Kol
T
armS 9ol Y-mazeo] €Yl A

o woh e B2 Ae F5H FUB am, F AL
amO.E Sojrbl 352 S FUAL5E L Lo}

HJTHFig. 3).

Sjot 2e Yomazeo] W& T 7F AN 2 A
(SA, PRT)S Aaal A4tas} 1 Aahe Wi 2430}
FEuRAAEE I 2o 4 F G| wafo] H &
£ vzel7] o) 44 T 30} 1020 AAE Ay
A7, ol S o4 uhnelT HHABZOIHE o]
A AL QE0ES ey waewo) vtali 478



71t e T TR} 14Y
o] 471 7] olvt %‘5&
B2 A2l ML 22
A W 2R ok e] Bt B 91
(short term memory)S &-2lFch

—10[1 mlo :;—_1
—_— _m =

4, S 2
7} g 2ak AAE Atolo] Y-maze AikE B4517] 9]

3f Kruskal-Wallis testE o] 8331 -G-o)=&2 p Fho] 0.05
vlgkl A9

FEU|2AA e APTNA & F 3UA 0] SAP7L F

St E 2 201 Y MsIh SUAASH 0ixls g

4+ 9.13], AAR©] 19.83]2 —/:‘s,zgﬂoi AAF0] SAP 13.73],
AAR 24.13]9} v male] 8015174 7hadt Ao s Uehyta
(***p<0.001) SARO] B/F<toll A Hat 3.58] &2 vepd A
of vlal] nR2HAE AFLAA 681382 FJ5HA =7
ZAETHR*rp <0.001). F WA Ag el PRTOIAE A2
O A& arm, & B arm 2] HE 31429] H]&o] 38.4% %L
/g2 43.5%00 Blsl o StA G Tk(**F*p <0.001).
o] Aol & T 10YA = 5T T4 Kol ¢

thp >0.05) (Fig. 4).
2. Hto2|g miis AT

Ftmeld 9 Suneus AN ZaTlAE
SAP7} B3t 129819131 44 F 79A 0] 11.73], 1447
12382 ek} 25 2 Xjo|S Ho]x] ghatrkp>0.05)
AARE 4% A JATL 283, 44 TR0 23.72), 14
AAof 239812 2 W7 GI9LOr(p>005), SAR Ao

SAP AAR
307 ! ki T f 304 ! kil it f
(2]
E
© 2 l
= 2
© 20 = 20 -
2 E
© €
: s
& 107 S 101
5] z
o]
4
0 T T ! 0 T T ' Kruskal-Wallis test
Control POD3 POD10 Control POD3 POD10 +  p<0.05
SAR PRT = p<0.01
30+ ' Hkk " | 100 - ' Kkk n | Hkk p<0001
2] —_
£ £ 80
S 9
> 20+ [
£ £ 60
© 2
g o
40
3 10+ %
o 2
* .
0 T T 1 0 T T 1
Control POD3 POD10 Control POD3 POD10

Fig. 4. Results of Y-maze test in bilateral labyrinthectomy group. The number of spontaneous alteration performance (SAP), and alternative
arm return (AAR) diminished statistically in the bilateral labyrinthectomy group compared to control group. The same arm return (SAR)
results showed the number increased postoperatively. The percentage of B arm visiting rate in the bilateral labyrinthectomy group was
lower than in the control group in place recognition test (PRT). The changes in the 3rd postoperative day in the all Y-maze tests
were not recovered until 10 days after labyrinthectomy. POD, postoperative day.
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Fig. 5. Results of Y-maze test in semicircular canal occlusion group. The semicircular canal occlusion group showed no impairment
in both spontaneous alternation test and place recognition test compared to control group in the day of postoperative 7th and 14th
day. SAP, spontaneous alteration performance; AAR, alternative arm return; SAR, same arm return; PRT, place recognition test; LO,
laser occlusion; POD, postoperative day.
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