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Effects of Electrical Stimulation of the Vestibular System on Neuronal Activity of the Ipsilateral

Medial Vestibular Nuclei Following Unilateral Labyrinthectomy in Rats.
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The purpose of this study was to evaluate the effects of
following ULX in rats. Electrical stimulation (ES) with square
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electrical stimulation on vestibular compensation
pulse (100~300 uA, 1.0 ms, 100 Hz) was applied

to ampullary portion bilaterally for 6 and 24 hours in rats receiving ULX. After ES, animals that showed the
recovery of vestibular symptoms by counting and comparing the number of spontaneous nystagmus were selected
for recording resting activity of type I, II neurons in the medial vestibular nuclei (MVN) of the lesioned side.
And then the dynamic neuronal activities were recorded during sinusoidal rotation at a frequency of 0.1 Hz
and 0.2 Hz. The number of spontaneous nystagmus was significantly different 24 hours (p<0.01, n=10), but

~ not 6 hours after ULX+ES. As reported by others, the great

reduction of resting activity only in the type 1

neurons ipsilateral to lesioned side was observed 6, 24 hours after ULX compared to that of intact 'labyrinthine

animal. However, the significant elevation (p<0.01) of type I and reduction (p<0.01) of type Il neuronal activity
were seen 24 hours after ULX +ES. Interestingly, gain, expressed as maximum neuronal activity(spikes/sec)/
maximum rotational velocity(deg/sec), was increased in type I cells and decreased in type II cells 24 hours
after ULX+ES in response to sinusoidal rotation at frequencies of both 0.1 Hz and 0.2 Hz. This result suggests
that accompanying the behavioral recovery, the electrical stimulation after ULX has beneficial effects on vestibular
compensation, especially static symptoms (spontaneous nystagmus), by enhancing resting activity of type I neurons
and reducing that of type II neurons.

Key Words: Vestibular compensation, Electrical stimulation, Resting activity, Gain, Sensitivity, Medial vestibular

Nuclei, Spontaneous nystagmus, Unilateral labyrinthectomy, Rat
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Al 2¥3he 3 4 (dynamic symptom)© Z 1}¥]o]x)
= ARFTAE Fukghch(Precht et al, 1966; Schaefer &
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&S AR759 BAARgolel ghrkSmith & Curthoys,
1989; Curthoys & Halmagyi, 1995).

AR7159 BRAAEe F3A4A A kg 7=
2Eo| Zhod s} (Trincker, 1961; Szentagothai, 1964; Shimazu
& Precht, 1965, 1966; Wilson, 1968), 71 & A Al 8L
FTHARANANA G RIS ARGE A2 g A

& SUehe 715€ 7HAR 7] Wil AR5
BAAEe glolA Fagt d¥g 2 Aoz ¢¥A
JTHMcCabe, 1972). AAAZ WL T2 AR R &
Foll dhg3le Al 19 &3 wkolZ AR 7| %) SR
et JAM FARE AN Y FEZ FA 5]
o o] A7 AR aAEE Fslo] A= o
& AR71%e ATl g3 5F AZY A 1Y {FEY
ARZAZE 7 fste] hE AR ¥ A
& TRATIH, AL AT FEY TE
S E AT ATY wES AT ZH 3
< AitE 715¢ Z=vh(Shimazu & Precht,
1965). H R FelolA FZ AR 7R FEAE vz
2 100709] 744 2155 A A7 8ol ALds}ed (Goldberg
& Femandez, 1982) <& AA Aol A A4S $A
A, 9 AT B E4L Ux FEAERY 7
AR AZe 4AR Qele] S48 AZAAE A1
TES AU i, A wE A 1Y
TES A FAL oz ZolehA " 4%
ATY ez Bel AHZAEE 53 o)z AR A
3 AU Y 7Y AdFAL gasta, 449
ALY 72 B54 24t S 24743 A 1
q e A4S Stk Wilson & Melvill Jones,
1979). webA 919 F7kA) AT olste] dZ AA 7D
o] E42 ¥F AR AR oA Aprahg o] B o]
ob7|H 1, o] 2 Qlste] ARFAo] Uelhs Aoy &
21 % c}H(Shimazu & Precht, 1965). o]&]3} E-F3]-2 A] A9
73 3toll whet 45 AF AN A 1Y FENA 2k
F3A 9 ZIHE Qsto] F& AAHAF el A At
29 A A & 3 Este Aol TFH T AR5 B
ARAL 23l Aoz o3 vl (Precht, 1986; Smith
& Curthoys, 1989).

V& AR &4 & A 7159 BAREe 22
AlB FHog E e FEQo] AL glon
(Tolu et al, 1988; Masumitsu & Sekitani, 1991; Sansom et al,
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A &3} 9 Al 38 7B 2 2 (Cummings, 1987) Tx
W F2A7A £4 T A4 2 7158 Rl Ty
Y #atollal(Borgens et al, 1990; Fehlings & Tator, 1992),
E42) 437180 7 AT E 4T T4
58 tleld £45 PGS AUBELE Zo
AF| B2 fZ HAAAA YA 549 dAA S I
slo] ABFAol £AE Ao g FEEG . g, o
A7AA &) Aol et A& HAAIE EF F AR
o) Rl X e AR 87170 B 1
2t weel £459 4431 TR XS AFos
DAl Wt Bo] 2218 4 glovlen 22y
¥ AR AT 01 F01AR sigkeh

B dFdAe 4F AR 4 F AR B
ARGl HAL ARG 48710 TR SAet
o] & AA7|H HAES AP AF A AT
ot 439 AAI ol AARAFE 7P W A
FuASL A ABAE ZE S ARAA ez
He](Wilson & Melvill Jones, 1979) A I, I & &9 #}
W3hEAd o AT ot wELFAE AV
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A& 250~300 g2 Sprague-Dawleyd] B1HE b F
Hole] Agslglon, 750l A TEUE AH
8171 st AE9 AAFIE ol L3td ARV 5A
AE AdEoicth AR 5ES 4F AR )R] BF A
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49 N2T(CON: Telha}, A& AR 7)1HE 2%
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AR7| B AAETH EAo0) teflono. 2 2o stainless
steel wire2. UTHE7E oF 1 mm FE k29 AFL o=
o AR7IE FHol Adeld. &, AA7|B-S sfa)er
H&2 PURE Foto] S AFAA ] W o
sto] AFS AR OB, $2L FFo| A4 FHE
ol A5 A F 143903, 2o nA® A2
& SaAe B3 AR MBSz w27 7]
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&% pentobarbital sodium S 2 w}2el & 28 g 31A
A37) goll 2AF] Y& A AAR A AT
WRAAY 729 BNREAE 15017 Sleed F5
¥E cFelm A3E ERAL o] glo] TATAASE
ARG on, BUe AAY ¥ /155 AT A8l
ek el 8871 Sletol Sguao] HajH o
2 AT Ve 4 YE% 30" Ao TARYL A
BAZ N AX e HH YA Eofl ule} lambda s HE] =
3.5 mm, 24} 1 mmol| A] (Paxinos & Watson, 1986) H-g]
AFE$ 03 mm 7402 o|Esle AR o3
e AEE Bgron, uhS A L= 0.1 Hz, 02 Hzo)
ToZ HAAF 3giet 7188 AL 1 kHzollA] im-
pedence7} 5 MQ9] stainless steel ©] )4 Z(WPI Co.)S A
Soglon, ALADAFE/ZHS o] Lete] PAR
29 ANBEAE deHoz J)Zer] deted wave-
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= B dA7ACdA ARG AoE S5 24T S54
o] W7} W DC servo-motor system(400 W Goldstar
Co.)#} DC servo-motor system?] 3 A4 % 9l Qx| Ao] S -
e AMelg AFE|486 DX2), 18] interface card
(Keithley Co)2 FAE G} HAFE T2 o] &3}
of A E FHsla o) & AHg}e] £xgho g wisket
thE interface card& 7 f3led REIE A e} 3 A7)
3 EEo] BEE S5 9 xAle] W oA
interface card& o]-§-8}o] ZFE] ol feedbackA| A A&7t
I FH%E vlwsto] BAZHS thA] motorol] A gstod
ALstA A8} AL F JEE 319} olw) FHs}
5719 A7 F-9 180°8 1A} T AR Fs
TE 0.1 Hz, 0.2 HzZ W3} A AR 7R $gutipt
< A5k A AR EEE S 180°9) 0.1 HzollA]
© 110%sec, 0.2 Hzol| A& 220°secit}.
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TEREA Y BAL spike 29] B4 ZF 72 (Cambrige
Electronic Design Co.)& ©]-&3}9]t}. Spike 20l A A5 I+
EEFTALE 5FE ALEEAE 431y Yuto] A
A5 A 602 F]kel & BEA Q] HFZE A
ot ATl izt AAANAY FE BEA 9] wist
E4317] 93to] Spike 2014 FEZEA L 5~103) 3
AAFoll gt 7 time histogram©. 2 JehN 3 3 F7k
< A&l 3 73S FFT(Fast Fourier Transforma-
tion)E o]gsle] FEEFAY FFH FAHAAZY) 9
S gkell 3} curve fitting-& A A)s}31, FFTell ]3] A2
B TE 5 A HAATI Y 2o T HE o
S (gain), WIZHE (sensitivity) 5-& Felich. o] 5L 34
A5719) A AATEE g AR AR N2
HAFFA S vl E AT, AAEE A2 A
teto] 312 Foll o)t w2 HUZEA ] vl A2
ek 2 FEY AWEEA, o5 9 W% gt
ZF AE T 7ke] 2po]E Kruskal-Wallis 7142} Mann-Whitney
U HAZ o] g3lo] EAH £4-& AX)stod pghe] 0.05
0|3kl 7 S-ollat BAIH G4 o] U Ao g Aoleiin).
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Fig. 1. Effect of electrical stimulation to the lesioned ampullary
portion on reduction of spontaneous nystagmus(S.N.) after
unilateral labyrinthectomy. Electrical stimulation facilitated
the reduction of spontaneous nystagmus at the early stage
of vestibular compensation. ULX, unilateral labyrinthectomy;
ULX+ES, electrical stimulation of the lesioned ampullary
portion after labyrinthectomy. *Denotes significant difference
between ULX and ULX+ES groups. Values are means =+
SD(**p<0.01).

Fig. 2. Typical dynamic responses of ipsilateral(lesioned side) type I neuron to sinusoidal rotation with 0.2
Hz at 6 and 24 hours following ULX. Type I neuron of the left medial vestibular nuclei was activated by
rotation toward left and inhibited by rotation toward right. Electrical stimulation activated basal level of neuronal

activity.
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32 £ AF BE] A A AT 1991218, 7
ZFL 21.29+1.68 beats/10 secE AT 7tol| §-9J38 Xo)
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1.54 beats/10 secZ A 3| w2 74 S B Yrhp<0.01).
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AFToNA A7ke] Aol whel 7159 AR Ay
AurHEA o] A Zbslglon, gk AR5 Ak
gAY 2715 HAsA ek 4T ATl A A
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o whel 918k Kol HolA| kot 24A171A] A
&0 g Z7lste 7A%S Byoh i, AT L 6A1ZE
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o8t ZHa(p<0.05)E, Al I 3 FE-L 15.73+11.21 spikes/
secZ 98 Z7Hp<0.05)F Bl o), 2447k o] =
2 273 A A4 FELE ALETA ] 2 EH
QAchFig 3). A 133} 2 U § FENA A7ke] BT el
whel EATH AS TS vl2slsl S o 6417kl A AT
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Fig. 3. Time dependent changes in resting activity(R.A.) of type I and II neurons of the ipsilateral
medial vestibular nuclei in ULX and ULX +ES groups. C, control group with intact labyrinth.
“Denotes significant difference between C and ULX or ULX+ES group(*p <0.05, **p<0.01).
*Denotes significant difference between 6 hours and 24 hours following ULX. Values are mean +
SE(* p<0.01). Each number of recorded neurons is shown in Fig. 4.
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Fig. 4. Effect of electrical stimulation to the lesioned ampullary portion on resting activity(R.A.)
of type I, I neurons in the ipsilateral medial vestibular nuclei at 6 and 24 hours following
ULX. Each number represents the recorded neurons in this study. ‘Denotes significant difference
between CON and ULX or ULX +ES(*p <0.05). *Denotes significant difference between ULX
and ULX+ES("p<0.05, "p <0.01). Notations are as in the previous figures.

Table 1. Percent changes of sensitivity in each experimental group

0.1 Hz 0.2 Hz
Type Time
Control Ulx Ulx +Es Control Ulx Ulx+Es
6His 100 55.92+7.16% 38.294-5.79** 100 37.91 +4.74%* 36.02+4.27*%
(15) (18) (14) (15) (11 (14)
I
24Hrs 100 67.49+579 113.21+6.61# 100 73.62+6.32 92.73+490#
(15) an 14 (15) 1Y) an
6Hrs 100 121.94+18.75 107.8+£14.84 100 107.1+12.32 91+11.37
(15) (15) 21 (15) amn 21
1}
24Hrs 100 101.5+11.72 119.5+£17.19 100 73.46+13.74 112.8 £9.95#
(15) (20) (14) (15) (15) (34)
ATHTable 1, Fig. 5). 18] 31 o] 5o EATY A 1Y 64| 7kol] Hls2s}o] 2417kl A 2712 Bl on, A 11 ]
oA 8AAA BT gz 50% HRkE Hole TEL 6A17boll vl wsto] 244 7koll A ZHAH kS 1
|

AR AL debya, A 1oy
0.1 Hz®} 3|35l fsto] g0l ghag
0.05) A2 F7ksl1. 00, 0.2 Hzoll 3= WI3HE Ho) %] o
e AT A 1H F2L 01, 02 HrollA 5.5

& 647l A
Hel Fp<

ol STk, AT Y rEL
3} cH(Table 2, Fig. 6).
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Fig. 5. Sensitivity changes of type I, II neurons in the ipsilateral medial vestibular nuclei at
stimulation frequencies of 0.1, 0.2 Hz. Each number of recorded neurons is shown in Table
1. Notations are as in the Fig. 4.
Table 2. Percent changes of gain in each experimental group
0.1 Hz 02 Hz
Type Time
Control Ulx Ulx+Es Control Ulx Ulx+Es
6Hrs 100 38.24 £ 5.88** 41.18+8.82*+* 100 37.5+8.33%* 33.33+8.333*+*
(15) (18) (14) (15) (1D (14)
I
24Hrs 100 29.41+5.88* 70.59+8.82 100 41.67+4.17* 91.67+12.5
(15) (15) 21 (15) 17 (11
6Hrs 100 68.97 +6.90* 86.21+6.9" 100 95+10.00 90+10.00
(15) (15) @n (15) a7 21
II
100 100
24 Hrs 75.86+6.9 72.41+10.34 95+10.00 35+5.00%"
(15) (20) 14) (15) (15) 34)
Parentheses represent the number of recorded neurons.
. A 2ol SJebd, 47 4o Gue 4 2y
2549 ol she Zo2 FeiZlch(Precht et al,
95 AR 4 > UE AN SHL EHF T 1966, TF 9% AAAE £4 T ARAAN S 2ol
A AB G Jetel T3 AH AR A0 AABELS DAY 3 ATl E2 ARAA NS

©
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Fig. 6. Gain(spikes/s/deg/s) changes of type I, II neurons in the ipsilateral medial vestibula nuclei
at stimulation frequencies of 0.1, 0.2 Hz. Each number of recorded neurons is shown in Table 2.

Notations are as in Fig. 4.

LEE AEA o Zhaol o8] b= AN He] 2
T o] of7]" o] B 9] o nj(McCabe et al, 1972; Ried
et al, 1984; Xerri et al, 1985; de Waele et al, 1988; Smith
& Curthoys, 1988a, b; Newlands & Perachio, 1990a, b), 2
ATAAE A% 44713 FAE = 6475 2447 &
TN ATE 72 SFAL F= AR A Aol 4 1)
ol FEAUG. 28} Y= AR T &4 F op=
BN Yol RG4S 3] 8ol] 3t A8a} 71 3
Eoll FehA = o}7] =ato) U thRis et al, 1995). Smithe}
Curthoys(1988a, b)= HA 7%l BAZANA Ao
et E4% AAAA Y A 24 AL EA o)
F7hSh WAl Zoll A AIY S ARVVEY 7ol 9
sl 43 AHAHY FEREL A 2FYY A7)
49 H2ngn 948 4ARAL 9

t}.

ATl 93 729 ukSollA s
Aol tated JAATA HulgEy 9| u)g
Aole, o] 52 AU AAFL ) ujgt 2y
B &g YehE 202 AR5 3] 8-S Bl A
2 AH&=]o] $hiSmith & Curthoys, 19884, b; Newlands &
Perachio, 1990 a, b). Y& A7 £4 & o] E9] w3}
S B AFNA F2 AR AR WA A Fee
Fasta, Al Y 788 gtz wish) g Ao
2 4# 4 $hok(Smith & Curthoys, 1988a, b; Newlands &

Perachio, 1990 a, b). whebd ¥ ATolA] Y2 A%
4 F 530 A 18 22 6A70lA o] 50| B
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A 617kl 2] oFzk Zhastg] ot A|zko] ZHhatel]
2} o] 5o F71E g Hole AL = AP A

A HHAA S B S Z7HA71E Aeg A LD 8 &
€ BFollA 2477 = AY S-S AP = opy
= Bvkn ¥ ik AR 759 HAbago] AxpA
SR G5 AR AR NN FELEA ] gRA 3B
oleto] o] Fojzlcta 7} & ufj(Precht et al, 1966; Smith
& Curthoys, 1989) AR 7| &4 ¥ 745 E= A3y
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HEII5e BASBUM U

= JAARTY Fogol uhel Aol vjelF e F
Theke AR 5ol B4R BEE 7 A AYAL
Ho| A Tk(Fetter & Zee, 1988), BZ A 7] Foll A uigls}
f o] Fg Awksle] FAAR AZE AARAS W A
Aol % F= A 19 72 WAEE Ao 7
Z8tr}al B arslod(Abend et al, 1978) FEEEA] 9] 38
& JAAE DNRE G4 ¥ olor T A4
AZNAFL 59 A 9 A g5 gl AgHR 9
o} A7 Bl e 49 Kol gtk (Masumitsu &
Sekitani, 1991; Moore et al, 1991; Park et al, 1995a, b).
Masumitsu$} Sekitani(1991)+& guinea pigol| 4] L&A 3 7]
B &4 ¥ E450) SAFE, BYS0) PAFE 7
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