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Background and Objectives: Non-primate Vertebrates are widely used to study
vestibular system since their vestibular reflex is very similar to the one in humans.
Recording vestibulo-ocular reflex (VOR) in laboratory animals such as mice is
technically very sophisticated. Thus, three-dimensional (3D) recording method for
VOR has been newly developed in which a 200 pm-sized marker is attached to the
eyeball of a C57BL/6 mouse and a certain ultra-violet (UV) ray is illuminated to it.
Materials and Methods: A bolt for head fixation was permanently implanted on the
skull under inhalation anesthesia. The range of given rotational stimulation was
+100°/sec with the frequency of 0.1 Hz and 0.2 Hz. The analysis was performed with
the data gathered from at least three cycles, and the maximum slow-phase velocity of
the eyeball was averaged from the data to calculate gain, phase and symmetry.
Results: In eyeball rotation data recorded with a video-nystagmus-recording
machine with UV ray illumination, an error occurred by eyeball rotation were
ignorable since its diameter was very small (error rate <1 pixel). Preoperatively
undergiven. 0.1 Hz stimulation, average maximum slow-phase velocity was
14.95+4.80°/sec in the clockwise rotation and 14.94+4.01°sec to the opposite.
Conclusion: The nystagmus was able to be quantified in C57BL/6 mice by using 3D
recording method for VOR with 385 nm UV ray illumination.
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Figure 1. Screw implantation into the skull of
| C57BL/6 mice, (A-C) About 1 cm sized incision

” was made on head and the periosteum was
- removed. Two small flat head tap screws were
~implanted to the skull and large flat head tap
~ screw was implanted upside down between the
- small screws and fixed with dental cement. (D)
| Body of the mouse with crews was put into the
 syringe template to keep the mouse from mov-
L ing around. (E) The mice 1 week after the im-
2ed plantation of screws.
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Figure 2. Markers on the eye of mouse. (A) Four round shaped markers which are 200 pum sized and intervals and placed into a square.
(B) Markers on its eye which reflect the LED light. (C) Syringe restrainer and head template to fix the body and head of the mouse. (D)
The mouse in the restrainer with screws which was fixed into the sinus animal rotator.
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Figure 3. Horizontal calibration process of camera. 3 mm diameter
black bead with rotation microstage was used for exact calibration
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Figure 5. Animal rotator with camera setting.

S25



Res Vestibul Sci  Vol. 11, Suppl. 2, Dec. 2012

2 o|E A] 14.94+4.01%seco]Qith 0.1 Hz3|AA}=of w=
0152 0.4-0.8 (meantstandard deviation=0.64+0.22)2] =<

Head Velocity

“ Horizontal Velocity -

- g
AT SR S Aol ERHen Al ok 6ol o
Soeck AL 0] SReke FHE Ak Holg
>
1 I ciFigures 5-8). 1:2
: :'I\ 5 1‘5 2‘0 2‘5
{2l | Time (Sec)

! Avg Slow-phase Velocity - Avg Graph

Welocity (Deg/sec)

A

2
\"ﬂ ] Time (Sec)

man

Figure 7. The one result of horizontal nystagmus analysis. The
Figure 6. Nystagmus analysis program. The program was designed rotation stimulation was 100°/sec, 0.1 Hz. The gain, phase and
for 3D analysis of eye movement. symmetry is 0.82, 6.5°, 0.2435 respectively.

Pesision (Degh

18
™ \ P
g \ \ foA T .
E: /) \ g g
g ) o W? fusty.\ g g
g \S ‘\..m,/j!gM(\,,m. 4 -]
g ! z =
¢ v/ N/ £ g
> \J \_}' - 2
c E ) st I 2 ) 1
Time (sec
g vesd A Ao Gt g Slow-phase Ve Ao Gagh
E E]
g g i
2 H i H 1 1 7 H H 5 1
Time (5t Time (sec Time (sec
jelocy || Avg Graph =11 ;| elocity A g st 1 i [N Avg Slow-phase vsloclty [ Avg Gragh 1]
2 2 2 15
a a g 4
z z 2
i §- §
H H 2
[ [ 1t mosors 113 33 a7
T TR T P BT 1] T e el o E e 1] —1]
¥ s i % g 1
g g g,
z z g
§ § { .
= - 150
4 [ 3 1
Tims (Sa Tims (Sa. Time (5&c

Figure 8. The one result of horizontal-vertical-torsional nystagmus analysis in transgenic mouse. The left, mid and right column means
0.1-0.2-0.5 Hz respectively. The top to bottom figures mean position, slow phase velocity of eye movement, horizontal nystagmus summa-
tion result, vertical nystagmus summation result, torsional nystagmus summation result respectively.

526



oo

24 177 %%ﬂ% A e, e o4
AFLEFAE A7) Aela B4 S 245

2 P 25 ARle] A
MR 339 HlEl 2.9PAA Y] A go] ojelglet” 1

IS
o[ FRE AAR vk ko] AU Btz Hel
ul7} s ok AARAE $Iek B0l gtk Zlo]

o SARE QlreEe) Hafo] WE: sl7e] AnEo
2 QA RS GASA A7) otk
Aotk AL ZQF E By lateral eyed animal) 9] 7 7}
7] =Y % tectofugal visual system o2 AEIA UE 34
7] %(selective internal attention mechanism)of| 2|3 AHE-S&
QLAFITE AR ofjat 27] 3 AAeeE T4E B
NEFo| 2RI = AN =2~ (convergence &
devergence)o]] T = &Fo] ZA51A] 7] wjiEo] AotE
=0l AAANE TEs Y et o3 ks v
BT e Baold 7eEe WAUZe EYLos

AU B9 SERAE TE 42004 HLeE 2
A AR5 TG W 7HsAo] ik Holrk 1 A
d2 vAE olgsha Wl wyRAE kst on WAt
FRE SATE HAA UM AHF RE BAHS ©
T s vt ek o] dES Bt

T eQIAS Bl Agsted menge] B
ojtt. ol& ¢laf TrFst WREo] AvfE ey, &

7]

Hol A 3749 2R FAo e Axpbket 1 gAY
RS ol g3tk e A ARpLbALE: 31
Shge] Amel] Ae FHE tu EelA vh 9

2 ALY Al Axy) ARl o 24 i Ak

foig
=

rulo lo B o> px &

F|aofsto] o] o T2 AAf A of 457k HHE QF
A&A o] 71538ttt 7129 ANE AL o]83t vk
S 4% 5 M) ZAu] JKsaich o
5171 flsf e vhA ek AejdS o8 AW 3
A 249 7R Ae Aol SRSk nHAE ol&
gF S mbA o] 27171 Aol wht ote-s HElE Al
gt 7 W=tk Haty 53¢ s=9 S
2l AP} x-y-2 4G HREo oS0 dukAl F4
o &9l FE(foveated animal)I} ThEch= Hof|A uf7| 9] A
719} Rapuhle] QAL F3e] Fag JFAAL 4
QT shAlgt mp o) WA 2717} 500 pmol & Av] st

PS
o

i

200|= Q| 191, OFRAO| 3xHY FMEOMHIA}

. oL

b

4@} 317] 9laf oln] AR V1% BE ol gstol wA
S —a—w Felate] o mg T} 2askeich AF A B
brlzo) Bzt 7ol dxele] A2, sjlzte) 9]
o) 917 So] wAsl7] ujRo] ulAo] gt YA

spElgick & 4 ik A $94 4

WA A A A9 oAS oY 4 9
J2517] glalA 4 s} HS 10-0 Lol 2 HFHA}
Al ebgtztufuoh 25
o FAskA AHgstech =
4ol L uA 5 gl
A 9l3) A3 LED: A
b1 72 med@] $]0] 3L 47HE FAlof
ARG R = F'/'ki 288 medo]|th.
A e 2 %‘ A 2oRIAlE SeteEs oA
= op7] el gt 194 574 WFoR vgiRo] 4
o] & 4 91l o]F HH o7 HASH £~ 9l v
7ok 3 AoR Holth B nhg o] e 4
o] 32 mm2 9)% Er4olAe] @xgo] 194 ofs)
A HEY Aete} o] qhro) AAgo] 2 e 24
o] on] gl e 7HE = glouR o]F BAT 4 9l
B2 vlelejo RAUH O ST 4 gl BY m2
ol & ol

ox _L,>i
llo =@
10

ol

F

:_‘}11
o b i o
4> >

o
ol

i)
o
>
o2
ol
ok
2,
g

_4

i ofr

2
15
flo
o2
_]IN: md

BT ok hu T
oo 'y el
Ir o

A

ot

BN
toh

¢

o

of

o ox
1%
=
)
112{

2

o, MT

o3

Q4o]tk 385 nm
1559 2ALZtE

N, mlm
>.1\l
k1

mlo

Lorr o »2 o o ok lo

|
=

[

e
K

ol 4 27Ha 3349) W]E].0. QHA uhg-0h 2e
SolA] QHle A Y 4 qlor] g F
we 7o B Ao Az,

Acknowledgement
O] '1'15'11:1'_"1% 201 O%E Z(Z} _‘?4(3_]_7_.9‘_:]7_1—’6_"}-7] %_l?l_ o

FRATAEY] UL Wop 3 72 ATAANo.
2010-0011858).

S27



Res Vestibul Sci

Vol. 11, Suppl. 2, Dec. 2012

B4 S0 AVHRRIAL HROL AR QI QI 9%

REFERENCES

. Migliaccio AA, Macdougall HG, Minor LB, Della Santina CC.
Inexpensive system for real-time 3-dimensional video-
oculography using a fluorescent marker array. J Neurosci
Methods 2005;143:141-50.

. Robinson DA. A Method of Measuring Eye Movement Using a
Scleral Search Coil in a Magnetic Field. IEEE Trans Biomed
Eng 1963;10:137-45.

. Collewijn H, Van der Steen J, Ferman L, Jansen TC. Human
ocular counterroll: assessment of static and dynamic properties
from electromagnetic scleral coil recordings. Exp Brain Res
1985;59:185-96.

. Paige GD, Tomko DL. Eye movement responses to linear head
motion in the squirrel monkey. 1. Basic characteristics. J
Neurophysiol 1991;65:1170-82.

. Gilchrist DP, Curthoys IS, Cartwright AD, Burgess AM,
Topple AN, Halmagyi M. High acceleration impulsive
rotations reveal severe long-term deficits of the horizontal
vestibulo-ocular reflex in the guinea pig. Exp Brain Res
1998;123:242-54.

. Demer JL, Miller JM, Poukens V, Vinters HV, Glasgow BJ.

528

11.

12.

13.

14.

Evidence for fibromuscular pulleys of the recti extraocular
muscles. Invest Ophthalmol Vis Sci 1995;36:1125-36.

. Stahl JS, van Alphen AM, De Zeeuw CI. A comparison of

video and magnetic search coil recordings of mouse eye
movements. J Neurosci Methods 2000;99:101-10.

. Kaufman GD. Video-oculography in the gerbil. Brain Res

2002;958:472-87.

. Nakayama K. Pohotographic determination of the rotational

state of the eye using matrices. Am J Optom Physiol Opt
1974;51:736-42.

. Yamanobe S, Taira S, Morizono T, Yagi T, Kamio T. Eye

movement analysis system using computerized image recog-
nition. Arch Otolaryngol Head Neck Surg 1990;116:338-41.
Lasker DM, Han GC, Park HJ, Minor LB. Rotational responses
of vestibular-nerve afferents innervating the semicircular
canals in the C57BL/6 mouse. J Assoc Res Otolaryngol
2008;9:334-48.

Migliaccio AA, Meierhofer R, Della Santina CC. Charac-
terization of the 3D angular vestibulo-ocular reflex in C57BL6
mice. Exp Brain Res 2011;210:489-501.

Voss J, Bischof HJ. Eye movements of laterally eyed birds are
not independent. J Exp Biol 2009;212:1568-75.

Friedman RA, Ryan AF. Transgenic mice. Current applications
to the study of the auditory and vestibular systems. Otolaryngol
Clin North Am 1992;25:1017-26.





