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Changes of amino acid concentrations in the rat medial vestibular nucleus
following unilateral labyrinthectomy
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Abstract: To understand the neurochemical mechanisms underlying the vestibular compensation, we determined the levels of amino
acids such as aspartate, glutamate, glutamine, glycine, taurine, alanine in the medial vestibular nucleus (MVN) following unilateral
labyrinthectomy (UL), by using in vivo brain microdialysis and high-performance liquid chromatography technique. Rats were pre-
treated by infusing 2% lidocaine 1.2 mL or 10 mg arsanilic acid into the tympanic cavity to obstruct uni-periphery vestibular organ, and
then the levels of amino acids were determined in MVN of normal control and ipsilateral or contralateral lesional (ipsi-/contra-lesional)
rats. In the control experiment, the levels of aspartate, glutamate, glutamine, glycine, taurine, and alanine were (6.15+0.59), (18.13+1.21),
(33.73+£1.67), (9.26+0.65), (9.56+0.77) and (10.07+0.83) pmol/8 pL sample, respectively. The concentrations of aspartate and
glutamate decreased, while the concentration of taurine increased in the ipsi-lesional MVN of rats 10 min after infusing 2% lidocaine
into middle ear to obstruct uni-periphery vestibular organ. Whereas the concentration of glutamate increased, the concentrations of
glycine and alanine decreased in the contra-lesional MVN, accompanied by imbalances of glutamate, glycine and alanine in the bilateral
nuclei. In contrast, the levels of glutamate and alanine decreased, the level of glutamine increased in the ipsi-lesional MVVN, and the level
of glutamate decreased in the contra-lesional MV N of rats 2 weeks after infusing 10 mg arsanilic acid into the tympanic cavity to
obstruct uni-periphery vestibular organ. Furthermore, the level of glutamine in the ipsi-lesional MVN was obviously higher than that
in the contra-lesional MV N. These results demonstrate that an imbalance of different amino acids appeared in bilateral MVN after UL,
and this imbalance decreased after the development of vestibular compensation. Whereas the imbalance of glutamine release in bilateral
nuclei appeared after vestibular compensation.
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Unilateral labyrinthectomy (UL) produces vestibular
symptoms, including autonomic symptoms, oculomotor
and postural asymmetry. Some of these symptoms gra-
dually disappear over time™, known as vestibular
compensation, which might be considered as a functional
reassembly of the central vestibular system and used as an
experimental model of lesion-induced vestibular plasticity
in the central nervous system (CNS)22l,

The medial vestibular nucleus (MVN), one of the most
important nuclei in the vestibular nucleus complex in the
brainstem!, is the main nucleus for transmission of infor-
mation from peripheral vestibular input to the central path-
ways and is mainly involved in monitoring the compensa-
tory responses®. UL produces asymmetrical spatiotem-
poral changes in the expressions of several inducible or
constitutive transcriptional factors in the vestibular nuclei
(VN)"8, Other phosphorylated proteins can also be de-
tected in the MVN following ULB?, Therefore, it is sug-
gested that MVVN mainly plays an important role in the pro-
cess of vestibular compensation.

Numerous previous studies suggest that amino acids are
the main neurotransmitters or neuromodulators in the CNS,
including glutamate (Glu), aspartate (Asp), glycine (Gly),
alanine (Ala), taurine (Tau), and y-amino butyric acid
(GABA)™12_ However, the detailed role of amino acids of
VN in vestibular compensation is still not clear. Therefore,
we investigated how the actual release of amino acids in
MVN changes during vestibular compensation in order to
determine the involvement of amino acids in the vestibular
plasticity inducing the compensation following UL, by us-
ing an in vivo microdialysis technique and high-perfor-
mance liquid chromatography (HPLC) technique.

1 MATERIALS AND METHODS

1.1 Animals

One hundred and eleven male Wistar rats (Crj: Wistar; yanji,
China), 7-week old and weighing 200-300 g, were ran-
domly divided into the lidocaine-UL group and the arsanilic
acid-UL group [including ipsilateral and contralateral lesional
(ipsi- and contra-lesional) groups, n=15 and n =7 rats,
respectively], and the normal control group (n=67 rats).

1.2 Implantation of microdialysis probes
The rats were anesthetized with chloral hydrate (300 mg/
kg, i.p.) and placed in a stereotaxic frame (Chengmo, Japan)
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with the incisor bar set at -3.3 mm. The skull from 1/2
posterior to the lambdoid suture of the parietal bone to the
great occipital foramen was removed by micro electro-
rotor (Saeyang, Korea), and cerebellum was partly absorbed
by electric suction apparatus (DEX-23D, China) to ex-
pose vestibular area in the brainstem under an operating
microscope (AE 993330901, China), and a microdialysis
probe (the tip of the probe covered with a 1.5-mm length
of hollow fibers, 200-um outsider diameter, cellulose ace-
tate membrane, 48 kDa molecular cut-off; Terumo, Japan)
was stereotaxically implanted into the left MVVN (2.9-3.0
mm anterior to the area postrema, 0.7-0.8 mm lateral to
the midline, and 1.5-1.6 mm ventral to the surface) ac-
cording to the atlas of Paxinos and Watson*?!,

1.3 Hemilabyrinthectomy

Twenty-two rats were anesthetized with chloral hydrate
(300 mg/kg, i.p.) and were right arm reclining, which were
injected 0.1 mL arsanilic acid solution [100 mg/mL by add-
ing arsanilic acid (Sigma) to 0.3 mol/L sodium carbonate
solution] to rate the tympanic membrane through external
ear into left middle ear. An absorbent cotton (diameter: 2
mm) was placed to prevent the medicament effuse. In this
way, the membranous labyrinth was destroyed chemically.
After recovering from anesthesia, as the labyrinthectomy
was completed, the animals showed severe symptoms of
unilateral vestibular loss (e.g., spontaneous nystagmus, body
rolling and head yaw). The animal models prepared were
used in the experiment after 2 weeks.

Twenty-two rats were anesthetized with chloral hydrate
(300 mg/kg, i.p.) and were dorsal position. The skin of
neck medisectted, left-lateral muscle intergroove of ster-
nohyoid was stripped to expose the left tympanic bulla. An
eyehole was drilled by micro electro-rotor and a polyethy-
lene catheter (caliber 0.5 mm) was inserted into the left
middle ear, another terminal was connected with a syringe
that was filled with 2% lidocaine hydrochloric solution
(0402131, Tianjin, China), the guide catheter was fitted by
dental cement. Then, 1.2 mL (divided into 5 times in 10
min, 0.4 mL for the first time) 2% lidocaine was evenly
pushed into the middle ear in the experimental course. The
imbalance of bilateral eyeball position appeared immedi-
ately after lidocaine was injected.

1.4 In vivo microdialysis study
The MVN of each rat was perfused with modified Ringer’s
solution (147 mmol/L NacCl, 4 mmol/L KCI, 2.3 mmol/L
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CaCl,; pH 6.5) through the implanted microdialysis probe
(exposed membrane 1.0 mm) at a constant rate of 1.5 uL/min
using a microsyringe pump (ESP-64, Eicom, Japan). The
dialysate was collected in an Eppendorf tube using a frac-
tion collector (EFC-82, Eicom, Japan) every 10 min. The
microdialysis schedule is shown in Fig.1. As shown in our
previous experiments, the concentration of amino acids
became stable after 90 min™, After a 90-min stabilization
period, samples of dialysate were collected. All samples of
collected dialysates were kept at -80 °C for later analysis.

1.5 Amino acid analysis

Amino acid levels were measured by using HPLC with an
electrochemical detector (HPLC-ECD) system according
to the precolumn derivatization method described by Jin et
al™. In advance, 2 pmol/L standard solution [by adding
L-Asp13.31 mg, L-Glu 14.71 mg, L-glutamine (GIn) 14.62
mg, Gly 7.51 mg, Tau 12.51 mg, L-Ala 8.91 mg to 50 mL
of 0.1 mol/L HCI, diluted in artificial cerebral spinal fluid
(ACSF) 1 000 times] and 40 mmol/L o-phthalaldehyde
(OPA) solution [by adding 13.5 mg of OPA and 10 pL
2-mercaptoethanol to 2.5 mL of 0.1 mol/L K,CO, buffer
(pH 9.5) with 10% ethanol] were prepared. The solution
was then stored at 0-4 °C and diluted in 0.1 mol/L K,CO,
buffer to yield a 4 mmol/L OPA solution just before
detection. The dialysate (12 pL) was mixed with 3 pL of 4
mmol/L OPA solution and allowed to react for 2.5 min at
25°C. After completing the reaction, 10 L of the reaction
mixture was manually injected into an HPLC system with
an Eicompak MA-5 ODS column (4.6-mm inner diameter
x150 mm; Eicom, Japan) for assaying the amino acids.
Detection was accomplished with an ECD (Eicom) with
+700 mV Ag/AgCl electrodes. The mobile phase (0.1 mol/L
NaH,PO,-2H,0, 0.1 mol/L Na,HPO,-12H,0, 30% MeOH,
0.5 mmol/L EDTA-2Na, adjusted to pH 6.0) was delivered
at 1.0 mL/min through an HPLC pump and the potential of
ECD was set at +700 mV.

1.6 Histology

At the end of the experiment, the animals were sacrificed
with an overdose injection of chloral hydrate. The brains
were removed and fixed in 10% neutral phosphate-buf-
fered formalin. After 3 d, the brains were placed in a 30%
sucrose solution and cut into 50-um sections in order to
ascertain the location of the tip of dialysis probe using a
cryomicrotome (Wheel microtome, KD-1508, China).
Sections were stained with neutral red and then examined
using light microscopy. Only the data obtained from ani-
mals in which the microdialysis probe was positioned cor-
rectly in the appropriate dialysis site were processed and
included in the results, and other samples were discarded.

1.7 Statistical analysis

The area of each peak of the HPLC chromatograms repre-
senting the sample content of amino acids was automati-
cally integrated and compared with that of external
standards. All data were expressed as means£SEM, and
data analysis was performed by a one-way analysis of vari-
ance (ANOVA) for repeated measures, with treatment as
main factors, followed by the least-significant difference
test of multiple comparison [Fisher’s least significant dif-
ferences test (LSD) protected t-test]. A probability level of
P<0.05 was considered statistically significant. All statisti-
cal procedures employed the Stat View version 11.5 soft-
ware for SPSS (SPSS Inc., Chicago, USA).

2 RESULTS

Animals appeared immediately ocular asymmetries
(descending in the ipsi-lesional eyeball and ascending in
the contra-lesional eyeball) after infusing lidocaine into the
left middle ear. In contrast, the vestibular symptoms, in-
cluding oculomotor and postural asymmetry, were ob-
served from 6 h to 168 h after infusing arsanilic acid into
the tympanic cavity. Some of these symptoms gradually
disappeared over time, but others continued. Frequency of

90 min
r T f i T
Statistics
Anaesthesia Surgical Dialyser Sample I—I Sample
operation insertion collection 10 min analysis

Fig. 1. The experimental protocols.



74

nystagmus gradually enhanced from its appearance, the high
incidence of nystagmus appeared at 24 h after UL, then re-
duced and disappeared at 120 h. The head yaw gradually
augmented, the peak time appeared at 120 h, and did not re-
store until 168 h. The body rolling came forth two peak times
at 24 h and 96 h, respectively. The apex was 24 h, then re-
duced and disappeared over 168 h after UL (Fig.2).

The basal levels of Asp, Glu, Gln, Gly, Tau, and Ala in dialy-
sis samples of the MVVN were (6.15+0.59), (18.13+ 1.21),
(33.73+1.67), (9.26£0.65), (9.56+0.77) and (10.07+ 0.83)
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pmol/8 pL, respectively (n=67). The concentrations of Asp
and Glu decreased, and the concentration of Tau increased in
the ipsi-lesional MVN of rats 10 min after infusing lidocaine
into middle ear to obstruct unilateral vestibular end-organ (P
<0.05). In contrast, the concentration of Glu increased, and
the concentrations of Gly and Ala decreased in the contra-
lesional MVN, accompanied by imbalances of Glu, Gly and
Alla in the bilateral nuclei of rats (P<0.05) (Fig.3 and 4).
Decreased levels of Glu and Ala (P<0.01, P<0.05) but in-
creased level of GIn (P<0.05) were measured in the ipsi-
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Fig.2. Changes after obstruct of unilateral vestibular end-organ by infusing arsanilic acid into the tympanic cavity in rats (n=10). Frequency of
spontaneous nystagmus gradually enhanced from its appearance. The high incidence of nystagmus appeared at 24 h after UL, then reduced and
disappeared at 120 h. The head yaw gradually augmented, the peak time appeared at 120 h, and did not restore until 168 h. The body rolling
came forth two peak times at 24 h and 96 h, respectively. The apex was 24 h, then reduced and disappeared over 168 h after UL.
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Fig. 3. Comparison of amino acid levels in the dialysate of bilateral MVN in the immediate post-UL rats that were pretreated by infusing
lidocaine into the left middle ear. All values are presented as a percentage of the average of basal samples. means+SEM. “P<0.05 compared with
control; “P<0.05, #P<0.01 compared with ipsi-lesional MVN.
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lesional MVN, and decreased level of Glu (P<0.01) was ob-
served in the contra-lesional MVN of rats 2 weeks after in-
fusing 10 mg arsanilic acid into the tympanic cavity to ob-
struct unilateral vestibular end-organ. In contrast, the level of

A Gin

GlIn in the ipsi-lesional MVN increased more significantly
than that in the contra-lesional MVN (P<0.05), and GIn lost
its balance between ipsi- and contra-lesional MVN 2 weeks
after UL (Fig.5 and 6).

Tau
Ala

o A A e

0 10 20 30 40 (min)
B Gin
Glu oly Teu
Asp Ala

_\LJ B .k—'—_"\f " L _A‘_

0 10 20 30 40 (min)
C Gin

Glu

Gly
Asp J’\ Ala
—ALI\J&___ —— __A_-—— ——
20

30 40 (min)

Fig.4. Typical chromatogram of amino acid levels in the dialysate of bilateral MVVN in the immediate post-UL rats that were pretreated by
infusing lidocaine into the left middle ear. A: Basal levels. B: Amino acid levels in the ipsi-lesional MV N after 1.2 mL lidocaine perfusion. C:
Amino acid levels in the contra-lesional MV N after 1.2 mL lidocaine perfusion. Asp, aspartate; Glu, glutamate; GIn, glutamine; Gly, glycine;

Tau, taurine; Ala, alanine.
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Fig.5. Comparison of amino acid content in the dialysate of bilateral MVN in the 2 weeks post-UL rats that were pretreated by infusing

arsanilic acid into the tympanic cavity. All values are presented as the average of sample concentration (pmol/8 uL). meanstSEM. "P<0.05,
"P<0.01 compared with control; #P<0.05 compared with ipsi-lesional MVN.



76 Acta Physiologica Sinica, February 25, 2007, 59 (1): 71-78
A Gin
Glu
Gly
Asp Ta.u
]_ A
| ;
LN U W N A S -1 i
0 10 20 30 40 (min)
B 91'9
Glu ' Gly Tau
Asp : I'
LA A i
N . \L.A_J L N e — = -""-'—‘.A“
0 10 20 30 40 (min)
C Gln
o 5 Tau
y K
[E’ l }\’q § Ala
. 'L\J_l-.._L__.JI _ L = |
0 10 20 30 40 (min)

Fig.6. Typical chromatogram of amino acid content in the dialysate of bilateral MVN in the 2 weeks post-UL rats that were pretreated by
infusing arsanilic acid into the tympanic cavity. A: Basal levels. B: Amino acid levels in the ipsi-lesional MVN. C: Amino acid levels in the
contra-lesional MVVN. Asp, aspartate; Glu, glutamate; Gln, glutamine; Gly, glycine; Tau, taurine; Ala, alanine.

3 DISCUSSION

Previously, a pharmacological study using HPLC detected
Glu inthe VNI, Histochemical and electrophysiological
studies also showed that Glu, a primary afferent neurotrans-
mitter from the vestibular nerve to the MVN, exists in the
vestibular nerve terminal®9, There is direct experimental
evidence regarding the actual Glu release from MVN dur-
ing the vestibular compensation process over 48 h following
UL, Inoue et al. reported that the imbalance of Glu release
in bilateral nuclei induced spontaneous nystagmus associated
with the rapid development of vestibular compensationtl,
However, the research on other amino acids in MVN partici-
pating in vestibular compensation is not yet reported.
Microdialysis is a useful method to assess and manipulate
pharmacologically extracellular amino acid levels in the rat
brain>2, The microdialysis technique was used together with
HPLC and ECD to separate and quantify different amino ac-

ids such as Asp, Glu, Gln, Gly, Tauand Ala. Thus, we used the
microdialysis technique in the present study to investigate
the release profile of amino acids. UL leads to the alteration
in the release of amino acids in the ipsi- and contra-lesional
VN and an imbalance of different excitatory and inhibitory
amino acids results in neurochemical changes. These imbal-
ances of different amino acids and neurotransmitters are
behaviourally expressed in the form of UL and its symptoms.

Our previous study demonstrated that amino acid content
markedly changed in 90 min after microdialysis probe
inserted, but tended to stabilization after 90 mint4,
Therefore, all the samples were collected 90 min after
microdialysis probe inserted into the MVN in this
experiment. In addition, the symptoms of animals after UL
were similar with reports from other researchers?4, It
proves that the models applied are credible in our
experiments.

In the experiment, the concentrations of Asp and Glu
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decreased, and the concentration of Tau increased in the ipsi-
lesional rat VN neurons 10 min after infusing lidocaine into
middle ear to obstruct unilateral vestibular end-organ, due to
deficits in peripheral afferent input. Therefore, inthe MVN
ipsilateral to the lesion site, the decrease in the levels of the
excitatory amino acids, Asp and Glu, is assumed to be due to
a UL-induced loss of input from the vestibular nerve, while
the increased level of the inhibitory amino acid, Tau, could
more debase the excitability of MVN ipsi-lesional to the
lesion. On the other hand, in the MVN contralateral to the
lesion, the concentration of Glu increased after UL, and the
concentrations of Gly and Ala decreased. These changes could
contribute to enhance the excitability of MVVN contralateral
to the lesion. This shows that the excitability of ipsi-lesional
MVN immediately reduced due to deficits in peripheral af-
ferent input from the vestibular nerve of rats, but the excit-
ability of contra-lesional MVVN immediately enhanced for the
vestibular functional compensation, which suggests that in-
ternuclear neuronal compensation could occur mostly in the
early phase of UL.

In contrast, the levels of Glu and Ala decreased, but the
level of GInincreased in the ipsi-lesional MV/N of rats which
were pretreated by infusing 10 mg arsanilic acid into the
tympanic cavity to obstruct unilateral periphery vestibular
organ, and the level of Glu decreased in the contra-lesional
MVN 2 weeks after UL. These results suggest that the
level of excitatory amino acid, Glu, reduced due to the loss
of input from the vestibular nerve caused by UL in the ipsi-
lesional MVN, and did not recover to the basal level after
vestibular compensation (2 weeks after UL). The level of
Glu reduced in the contra-lesional MVVN was presumably
due to the depression of neuronal activity in the contra-
lesional MVN through inhibitory input from the cerebellum
or other sources®! to accommodate with the ipsi-lesional
MVN. In addition, the level of GIn in the ipsi-lesional MVVN
increased more significantly than that in the contra-lesional
MVN, and the GIn lost its balance in ipsi-and contra-lesional
MVN 2 weeks after UL, suggesting that a change in the
release of GIn, a precursor of Glu synthesis®®), in the bilateral
nuclei may exert an important influence on the plasticity in
the central vestibular system and participate in vestibular
compensation. The role of Ala in the MVN is still largely
unknown. It could be functionally related to the increased
Glu level during vestibular compensation, since Ala may be
a precursor of Glu and could produce an effect on the
concentration of Glu®?"2,

These results suggest that the alteration in function of
glutamatergic system in the ipsi- and contra-lesional MVN,

a neurochemical change after UL, plays an important role in
the formation and development of vestibular compensation.
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