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Kainic acid was injected into the medial nucleus of the trapezoid body (MNTB) of guinea pigs to
evaluate its use in studying generator loci of the scalp-recorded auditory brain stem response (ABR).
Sound-evoked near-field potentials from the MNTB and far-field ABRs were recorded before, during
and up to 2 h after the injections. Two hours post-injection, small amounts of kainic acid (0.25 nmol in
0.1 pl of Ringer solution) resulted in neuronal destruction which histologically appeared confined to the
MNTB. Larger amounts (10 nmol in 1.0 ul) produced more extensive lesions. Regardless of the dose of
kainic acid, near-field activity evoked by contralateral ear stimulation was almost totally abolished and
ABR wave 11l amplitude was reduced by as much as 60%. In future studies, the use of excitotoxic amino
acids to produce lesions within complex nuclear subdivisions of the auditory pathway may yield valuable
information as to the relative contributions that brainstem structures make to the various waves compri-
sing the ABR and about the behavioral effects that axon sparing lesions produce.

The ability to selectively destroy neuronal cell bodies while preserving axons of
passage has been a persistent need for investigations in many areas of neuroscience.
In the brainstem of the mammalian auditory system, complex arrangements of cell
somata and axons of passage are encountered at several levels, including: the
cochlear nuclei, the superior olivary complex and the nuclei and tracts of the lateral
lemniscus. Evidence obtained by ablating many of these structures with traditional
techniques has provided some insight into the origins of the auditory brainstem
response (ABR); a series of synchronous waves recorded at the scalp during the first
few milliseconds following abrupt acoustic stimuli {1, 4, 10, 15]. However, more
precise information as to the neurons generating the ABR is needed before its full
potential as a clinical diagnostic tool can be realized.

Recently, much attention has been given to the excitatory and neurotoxic actions
of kainic acid [2, 3, 5, 12]. When appropriately injected into the brain, this potent
neurotoxin causes the destruction of neuronal cell bodies and dendrites while
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Fig. 1. Coronal section through the guinea pig superior olivary complex 2 h after kainic acid injection
(0.25 nmol in 0.1 ul Ringer solution) into the right medial nucleus of the trapezoid body (MNTB). As a
control, Ringer solution (0.1 ul) was injected into left MNTB. At higher magnification of the boxed
regions, it is evident that neuronal cell bodies in the right MNTB are grossly crenulated, pyknotic,
shrunken, and/or disrupted, whereas those in the left MNTB are normal in shape and number. Note that
with this small dose of kainic acid, neurons in the right medial superior olive (MSO) adjacent to the
injection site appear unaffected. 40 um section; cresyl violet stain.
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sparing axons of passage and nerve terminals of extrinsic origin [5]. The present
study was undertaken to ascertain the usefulness of kainic acid in elucidating the
brainstem elements generating the various waves comprising the ABR. The experi-
mental approach was to inject small amounts of the neurotoxin into the medial
nucleus of the trapezoid body (MNTB), a subdivision of the superior olivary
complex, and evaluate the effects on sound-evoked near-field potentials within the
MNTB and the far-field ABRs at the scalp. The extent of the resulting neuronal
destruction was determined histologically.

Pigmented guinea pigs (220—370 g) of either sex were anesthetized with sodium
pentobarbital (Nembutal, 25 mg/kg, i.p.), paralyzed with gallamine triethiodide
(Flaxedil, 20 mg/kg, i.v.), and artificially respired. The skull was opened and the
cerebellum aspirated to provide an unobstructed approach to the dorsal surface of
the brainstem. To minimize mechanical damage, a microinjection apparatus was
prepared by sealing the needle of a 1.0 ul Hamilton syringe into a glass micropipette
(5080 um tip, o.d.) filled with the solution to be injected. A silver wire was coupled
to the needle to record near-field evoked potentials from the injection site. The
micropipette was stereotaxically placed in the MNTB with guidance from direct
visual sightings off prominent dorsal surface landmarks and near-field potentials
which easily distinguish the subdivisions of the superior olivary complex [6, 14]. The
tip of the pipette was lowered to a depth (4.5—5.0 mm) were maximum amplitude of
the field potential in the MNTB was evoked by monaural stimulation of the contra-
lateral ear. Kainic acid (0.25-10.0 nmol in 0.1-1.0 ul of Ringer solution [11], pH
7.6) was infused over a 2 min period and the pipette left in place an additional 5 min
before removal. Control injections of an equal volume of Ringer solution alone
were made in the opposite MNTB prior to each injection of kainic acid. In this way,
both control and experimental manipulations were made in the same preparation.

Three cycles of a 10.0 kHz tone pip served as the acoustic stimulus. The ABRs
were recorded as the potential difference between needle electrodes inserted under
the skin at the vertex (active) and ipsilateral mastoid (reference); another needle at
the contralateral mastoid provided ground. ABR waveforms were obtained prior to
surgery, after surgical exposure, and just before, during and up to 2 h following
injections of Ringer solution or kainic acid in Ringer solution. Two hours after
injecting kainic acid, the animals were perfused intracardially with saline followed
by 10% neutral buffered formaline. Frozen sections were cut in a coronal plane at
40 pm and stained for histological examination with cresyl violet.

—
Fig. 2. Coronal section through the guinea pig superior olivary complex 2 h after a large dose of kainic
acid (10 nmol in 1.0 ul) was injected into left medial nucleus of the trapezoid body (MNTB). Ringer
solution (1.0 ul) was injected the right MNTB. At higher manification of the boxed regions, it can be seen
that with this dose of kainic acid the destruction has spread to include portions of the medial superior
olive (MSO) adjacent to the injection site. However, the lateral superior olive (LSO) on the side injected
with kainic acid appears unaffected. Note the near total destruction of cells in the left MNTB: this
contrasts with the amount of visible cellular material in the lesioned MNTB shown in Fig. 1. 40 xm
section; cresyl violet stain.
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The effect of injecting Ringer solution (0.1 xl) and kainic acid (0.25 nmol in 0.1
nl) into the MNTB are illustrated in a mid-olivary coronal section in Fig. 1. At low
magnification, the pale and grossly abnormal appearance of the cells in the right
MNTB (kainic acid) contrasts with the normal intense staining of the cells in the left
MNTB (Ringer solution). In this example, the rostral—caudal extent of the neuronal
lesion produced by kainic acid was of the order of 300—400 ym, or about one-third
to one-half the total rostral-caudal distance of the MNTB. At higher magnifi-
cation, few remaining cells in the right MNTB appear grossly crenulated, pyknotic,
shrunken and/or disrupted. In contrast, cells in the left MNTB seemed normal in
shape and number with the staining of Nissl material discrete and intense. The
normal appearance of the adjacent medial superior olive (MSO) on both the control
and experimentally lesioned side indicates that with this small dose of kainic acid
neuronal destruction is confined to the MNTB injection site.

As expected, larger amounts of kainic acid as well as larger injection volumes
produced more extensive damage. A representative example of an animal injected
with 10 nmol of kainic acid in a 1.0 ul volume is shown in Fig. 2. Destruction within
the MNTB which received kainic acid is now more complete and the lesion extends
to include portions of the MSO, but not the lateral superior olive (LSO).

It is well known that the large principal cells in the MNTB receive a monosynaptic
excitatory input from neurons in the contralateral ventral cochlear nucleus and the
near-field potentials in the MNTB are largest to monoaural contralateral
stimulation [6, 9, 13, 14]. In evaluating the electrophysiological effects of kainic
acid, near-field potentials in response to ipsilateral and contralateral ear stimulation
were obtained before and after control and experimental injections of Ringer solu-
tion and kainic acid, respectively. Fig. 3 shows results from an animal in which 0.25
nmol of kainic acid in 0.1 ul Ringer solution were injected into the right MNTB (see
Fig. 1). Ringer solution (0.1 ul) in the left MNTB failed to alter near-field activity
evoked by right or left ear stimulation. However, with the electrode in the right
MNTRB, there was a marked decrement in local activity to contralateral left ear
stimulation after the injection of kainic acid.

Fig. 4 illustrates the effect of kainic acid on the scalp-recorded ABR. The
waveforms were obtained pre- and post-surgical exposure, after injecting Ringer
solution, after injecting kainic acid, and 2 h after the injection of kainic acid. The
surgical exposure and Ringer solution in the left MNTB produced little change in the
ABR. However, kainic acid (0.25 nmol in 0.1 gzl Ringer solution) injected into the
right MNTB caused pronounced and specific amplitude reductions in the ABR to
contralateral left ear stimulation. These amplitude reductions were restricted to time
segments coincident with ABR waves 111 and 1V. Waves 1 and 11 were unaffected,
indicating normal function of the cochlea, cighth nerve and presumably cochlear
nuclear complex {1, 4, 8, 10, 15]. Two hours after injecting this small dose of kainic
acid, ABR wave 111 and 1V amplitudes were still reduced and the extent of the lesion
appeared confined to the right MNTB (see Fig. 1).



147

3 Near-tield Recordings

LE
RE GP-N6
V\}‘ Pre-Ringer Inj.
A s e o .
4 Elec. in L.MNTB
“ Post-Ringer Inj.
atl W Elec. in L.MNTB
mvolts
1.0
Pre-K.A. Inj. )
i N S UI
Elec. in R.MNTB N\k
A Post- K. A, Inj.
Y e it e ]
o Elec. in R. MNTB y
0 20 0 20
msec msec
4 Gp- 16 LEar
R. Ear g 5 Before After
j\] o Pre-exposure /\‘)\ﬁw\_,k—’~mr-
J -
J\‘J‘U\/N“’/ Post-exposure W\/”vf"'”‘ — /\/ V\‘/\W”“ R Gp-109 ‘,‘[’V\J‘u» e
L.MNTB injected ;rﬁ“ ——
pv%ts[ \Af\w/-‘—’ Ringerl. \\f};/ 10 [ JA{V\V/M_V ar-ne Mo
e e iectos M —— - polts
j\fv\ﬁﬁ 2Hours Later /’W‘J\/VL/J—#M Wf 6P 113 A
0 20 0 20
msecC 20 ¢ msecC 2 msec msec

Fig. 3. Effects of Ringer solution and kainic acid on near-field evoked potentials recorded from the
medial nucleus of the trapezoid body (MNTB). Ringer solution (0.1 ul) injected into the left MNTB did
not alter near-field activity evoked by contralateral right ear stimulation. However, immediately after
injecting kainic acid (0.25 nmol in 0.1 ul Ringer solution) into the right MNTB there was a marked
decrement in near-field activity recorded from the injection site in response to contralateral left ear stimu-
lation. The neuronal destruction observed 2 h after injecting kainic acid in this animal is shown in Fig. 1.

Fig. 4. Effects of kainic acid on scalp-recorded auditory brainstem response (ABR). ABRs in response to
monaural right ear (left column) and left ear (right column) stimulation were recorded before surgical
exposure of the brainstem; after surgical exposure; after injecting Ringer solution (0.1 pl) into the left
medial nucleus of the trapezoid body (MNTBY); 5 min after injecting kainic acid (0.25 nmol in 0.1 pl
Ringer solution) into the right MNTB; and finally 2 h following the injection of kainic acid. The only
profound change in the ABR was a marked decrease in the amplitudes of waves Il and IV after injecting
the right MNTB with kainic acid (see arrows). Effects of near-field potentials from this animal are shown
in Fig. 3.

Fig. 5. ABR waveforms from 3 different guinea pigs, before and after kainic acid microinjection. Wave-
forms in the right column were obtained 5 min after injection; no additional changes occurred overa2 h
period following injection of kainic acid.
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In Fig. 5, results depicting the effects of kainic acid on the ABR from two addi-
tional guinea pigs are shown along with those of the previous example. It should be
noted that GP-109 was injected with a large dose of kainic acid (see Fig. 2) but the
results differ little from those of the other two animals. From all our findings the
following generalizations for kainic acid injections can be made: (1) ABR wave I11
amplitude is markedly reduced (up to 60% in some cases); (2) ABR wave IV ampli-
tude is less affected (decreasing by only as much as 25% in some cases); (3) ABR
waves I and II remain virtually unaffected by kainic acid injections into the MNTB;
(4) large and small doses of kainic acid which result in large and small lesions,
respectively, have similar effects on the ABR.

It has been reported that ABR wave II1 completely disappeared following mid-
sagittal section of the trapezoid body [7]. This fact, coupled with the results of the
present investigation, suggests that ABR wave I11 in the guinea pig arises principally
from the contralateral MNTB. This is further supported by the finding that doses of
kainic acid which produced lesions extending into portions of the adjacent MSO
failed to modify the results obtained with smaller doses which resulted in destruc-
tion confined to the MNTB. However, the possibility that the contralateral LSO
and/or the ventral nucleus of the lateral lemniscus contribute to wave III cannot be
ruled out entirely.

Overall, these results demonstrate that the use of kainic acid and perhaps other
excitotoxic amino acids may yield valuable information about the generator loci of
volume-conducted auditory potentials. With further improvements in controlling
the size of lesions, it may be possible to resolve the relative contributions that
complex nuclear subdivisions make to all the waves comprising the ABR. Further-
more, the technique would seem applicable to studying the behavioral effects
produced by lesioning specific auditory nuclei or even cell types within nuclei. For
instance, with suitable administration (e.g. iontophoresis), it may be possible to
measure the behavioral effects of a lesion confined to the octopus cell region of the
large spherical cell region of the cochlear nucleus.
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