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ABSTRACT

Brainstem auditory evoked potentials (BAEPs) are a sensitive
indicator of bilirubin neurotoxicity. Somatosensory evoked po-
tentials (SEPs) have been proposed as another measure of tox-
icity, though the lemniscal pathways that generate the SEP are
not involved in kernicterus. In 16 to 17-d-old jaundiced (jj) Gunn
rats, serial BAEPs and SEPs were obtained up to 8 h after acute
bilirubin toxicity. jjs were injected with 150 mg/kg sulfadime-
thoxine to displace bilirubin into brain tissue (n = 8); littermate
controls were jjs given saline (n = 4) and nonjaundiced given
sulfadimethoxine or saline (n = 7). After anesthesia, BAEP and
SEP recordings were obtained at baseline and serially after
injection. SEPs to median nerve stimulation were recorded from
surface electrodes over the brachial plexus (Erb’s) and contralat-
eral parietal cortex, and subtracted to obtain central conduction
time (CCT). There were no statistically significant different
baseline values between groups. Baseline BAEP 1, I-11, and I-1IT
were 1.22 = 0.13, 1.11 £ 0.12, and 2.10 = 0.15 ms, and SEP
Erb’s and CCT were 1.48 = 0.20 and 5.59 £ 0.50 ms, respec-
tively (n = 19). At 6.8 £ 1.5 h after injection BAEP I, I-II, and
I-IIT increased 0.10 = 0.08, 0.18 = 0.17, and 0.56 = 0.33 ms
over baseline, respectively (p = 0.005, 0.01, and 0.001, respec-
tively, paired, 1-tailed z-tests), in experimental but not control

Brainstem auditory evoked potentials (BAEPs), also known as
auditory brainstem responses (ABRs) are a sensitive indicator of
bilirubin neurotoxicity in humans (1-6) and in the jaundiced
Gunn rat model of acute bilirubin toxicity (7—11). Somatosensory
evoked potentials (SEPs), which assess the somatosensory path-
ways responsible for joint position and vibratory sensation, have
not been thoroughly evaluated in bilirubin neurotoxicity. Abnor-
mal SEPs have been found in human neonates with hyperbiliru-
binemia (12) in whom prolonged SEP central conduction time
was found to correlate with elevated bilirubin levels. Although
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groups. SEP Erb’s decreased slightly, —0.06 £ 0.04 ms in
experimental and —0.08 = 0.08 ms in control groups, while CCT
did not change significantly. BAEPs were completely abolished
in two jjs with no SEP changes. When injection of sulfonamide
induced significant peripheral and central BAEP abnormalities in
jaundiced rats, no SEP abnormalities occurred. SEPs assess
proprioception but not other somatosensory function or sensory
integration. The results demonstrate the selectivity of acute
bilirubin toxicity for the auditory nervous system. (Pediatr Res
52: 844-849, 2002)

Abbreviations
BAEP, brainstem auditory evoked potential
SEP, somatosensory evoked potential
CCT, central conduction time
jj, homozygous jaundiced Gunn rat
Nj, heterozygous nonjaundiced Gunn rat
sulfa, sulfadimethoxine
MRI, magnetic resonance imaging
PET, positron emission tomography
CNS, central nervous system

this finding suggests that the somatosensory nervous system is
affected by bilirubin neurotoxicity, there is no pathologic evidence
that bilirubin encephalopathy or kernicterus involves structures
which generate somatosensory evoked potentials, i.e. the facialis
gracilis and cuneatus in the spinal cord, the nucleus gracilis and
cuneatus in the medulla, the medial lemniscus in the brainstem,
the posteroventral nucleus of the thalamus, the thalamocortical
projection, and the cortical structures of the postcentral gyrus of
the parietal lobe (13—17).

The jaundiced (jj) Gunn rat is a well-established model of
human bilirubin encephalopathy. The jj Gunn rat lacks hepatic
uridine glucuronosyl transferase (18), which conjugates biliru-
bin to form bilirubin glucuronide, and thus has a chronic,
lifelong hyperbilirubinemia, which variably produces ker-
nicterus (19, 20).
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BAEPs have been studied extensively in jaundiced Gunn
rats, and variable degrees of BAEP abnormalities found (7, 8,
11). To produce acute bilirubin encephalopathy, a sulfonamide
is injected into jaundiced Gunn rats. The sulfonamide com-
petes with bilirubin for serum albumin binding sites, and
displaces the bilirubin from blood into brain tissue (21). BAEP
abnormalities appear within a few hours after injection of
sulfonamide into jaundiced Gunn rats (9) and show changes of
central conduction that correlate with lesions in the auditory
brainstem (22, 23).

In contrast, SEPs have not been as extensively studied in
either jj Gunn rats or humans. SEPs are generated by electrical
stimulation of nerves, and the responses obtained peripherally
and centrally are largely generated by the fast-conducting,
synchronized proprioceptive somatosensory pathways subserv-
ing joint position and vibration (24—27). Bonger-Schokking et
al. (12) found a positive correlation of SEP CCT and peak
bilirubin level in 3-d-old term human newborns. Silver et al.
found prolonged latencies and decreased amplitudes of an SEP
cortical component in adult jj rats but not in young ones (28)
and, after sulfadimethoxine injection, found marked latency
prolongations in the early components of SEPs in 3-wk-old jjs
(29). These SEP changes are surprising, since they are not
predicted by neuropathological studies in either the Gunn rat
model or humans, and reports of impaired proprioception in
patients with kernicterus are lacking.

The well-established model of acute bilirubin neurotoxicity,
produced by injecting sulfadimethoxine into 17-d-old jj Gunn
rats, has consistently produced the clinical, BAEP and neuro-
pathological abnormalities of kernicterus (22, 23, 30-32). We
decided to first examine SEPs in our model, so that we could
then use our model to elucidate the neuroanatomical substrate
of any abnormalities. In the present study, serial BAEPs and
SEPs were obtained in jaundiced Gunn rats up to 8 h after acute
bilirubin neurotoxicity was induced with sulfadimethoxine in-
jection and verified by the development of typical BAEP
abnormalities which have consistently been demonstrated as
early as 2 h after injection (9, 33).

MATERIALS AND METHODS

Experimental Procedure. Homozygous jaundiced (jj) and
heterozygous nonjaundiced (Nj) Gunn rats were obtained from
jj male X Nj female mating pairs in our breeding colony at the
Virginia Commonwealth University Health System and stud-
ied at 16—17 d of age. All experimental procedures were
reviewed and approved by the Institutional Animal Care and
Use Committee of Virginia Commonwealth University and
performed in compliance with the National Institutes of Health
Guide for the Care and Use of Laboratory Animals. Nonjaun-
diced (Nj) Gunn rats were anesthetized with an intramuscular
injection of ketamine 60 mg/kg and acepromazine 6 mg/kg,
while jaundiced (jj) rats were given 40 and 4 mg/kg, respec-
tively because of their greater sensitivity to the anesthesia.
Supplemental anesthesia, one third to one half the initial dose,
was given during the recordings for any signs of movement or
if muscle activity appeared on an oscilloscope used to contin-
uously monitor scalp electrical activity. Temperature was mea-
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sured with a rectal temperature probe and held at 37.5 = 0.1°C
with a heating pad and a servo-controlled heating lamp. Base-
line recordings were begun 10 min after the temperature
stabilized.

The experimental group consisted of jj rats treated with
sulfadimethoxine 150 mg/kg to displace bilirubin into brain
tissue (n = 8). Controls were jjs given saline (n = 4), and Nj
littermates given either sulfa (n = 3) or saline (n = 4). After
anesthesia, baseline BAEPs and SEPs were obtained, sulfadi-
methoxine or saline was injected, and serial BAEPs and SEPs
recorded for =6 h after injection.

Brainstem auditory evoked potential (BAEP) recordings.
BAEPs were performed as previously described (9, 33). Au-
ditory stimuli were 60 dB HL monaural 100 ws square wave
clicks delivered to the right ecar at a rate of 14.7/s through a
Sony 4LIS earphone speaker placed at the external auditory
meatus. The external canal of the left ear was occluded with
earmold impression material (Audalin, Esschem Co., Essing-
ton, PA, U.S.A.). Electrode placement for the BAEPs was left
mastoid (M1), right mastoid (M2) and vertex (Cz), with a
ground electrode placed in the thigh of the left hindlimb. Two
simultaneous electrode montages, M1-M2 and Cz-M2, ampli-
fied X 10° and filtered from 0.5 Hz to 8000 Hz, were obtained,
digitized for 10.24 ms at 512 samples per channel, averaged,
and stored on a Nicolet Pathfinder I Evoked Potential System
(Nicolet, Inc., Madison, WI, U.S.A.).

For analysis, the latencies of BAEP waves I, II, and III were
scored in the M1-M2 montage, and the I-1I and I-III interwave
intervals were obtained by subtraction of the latency of I from
II, and I from III. The I-II and I-III interwave intervals have
previously been shown to be extremely sensitive to bilirubin
toxicity (9—-11, 23, 33); the Cz-M2 montage was used to
confirm BAEP wave identification in the M1-M2 montage.

Somatosensory evoked potential (SEP) recordings. So-
matosensory stimuli were superthreshold 5 milliamp, 100 ws
pulses of electrical current delivered via Grass platinum needle
electrodes (Grass/AstroMed, Inc., Quincy, MA, U.S.A.) to the
median nerve at the wrist of the right forepaw. Three electrodes
were placed circumferentially on the proximal right forelimb
and connected to the amplifier ground to reduce stimulus
artifact. Location of the primary somatosensory cortex within
the parietal lobe of the cerebrum was estimated by extrapola-
tion from stereotaxic maps of adult rat cerebral cortex (34).
Preliminary recordings determined that consistent, large, well-
defined cortical waves were best obtained from a needle elec-
trode inserted 5 mm lateral to the midline, at an imaginary line
drawn between the apex of the insertion of the two ears
anteriorly, and advanced s.c. 5 mm rostrally, parallel to the
midline axis.

Four channel recordings were obtained from four simulta-
neously recorded electrode pairs placed over /) the ipsilateral
clavicle (Erb’s point) referenced to the contralateral clavicle,
representing activity from the brachial plexus; 2) posterior to
anterior neck; 3) ipsilateral parietal somatosensory cortex to
contralateral clavicle; and 4) contralateral to ipsilateral parietal
cortex. The scalp electrical activity was amplified X 10°,
filtered from 0.5 Hz to 8000 Hz, and digitized for 20 ms



846

following the stimulus at 512 samples per channel, averaged
and stored on computer disk.

SEP peripheral latencies were obtained from the initial peak
(Erb’s) on the ipsilateral-to-contralateral clavicle montage, and
the cortical responses from the contralateral-to-ipsilateral pa-
rietal lobe electrodes; these latencies were subtracted to obtain
central conduction time (CCT), an index of conduction time in
the ascending somatosensory system. Erb’s wave latency was
used to represent peripheral function, and the Erb’s-Cortical
interwave interval to represent somatosensory CCT.

Statistical analysis. BAEP and SEP values were compared
between groups with independent, one-tailed t-tests. A-priori
variables of interest were the I-II and I-III interwave intervals
of the BAEP, and CCT of the SEP, with increased conduction
time indicating abnormality. Therefore, the changes in conduc-
tion time with treatment (i.e. baseline versus the final values)
were compared with Fisher’s exact, paired, one-tailed #-tests.
An overall alpha of 0.05 was corrected for three independent,
a-priori t-tests (BAEP I-II, I-IIT and CCT) to give an individual
alpha of 0.017 as criteria for each of the three comparisons
(35). Latencies of the peripheral components, BAEP wave I
and SEP Erb’s were included for sake of completeness. Since
SEP Erb’s latency decreased in both experimental and control
groups, the significance of this difference from baseline was
tested with two-tailed #-tests.

RESULTS

There were no statistically significant differences in baseline
BAEP or SEP values between genotypes (jj versus Nj) or
groups (jj-sulfa, jj-saline, Nj-sulfa or Nj-saline) (Table 1).
BAEPs and SEPs were recorded serially (Fig. 1), and analyzed
at 6.8 = 1.5 h (mean = SD), median 7.3 h after injection.

BAEP I latency, and I-II and I-III interwave intervals in the
experimental group increased 0.10 * 0.08, 0.18 = 0.17 and
0.56 = 0.33 ms over baseline, respectively (p = 0.005, 0.01
and 0.001 respectively, paired, one-tailed #-tests). Central
waves II and IIT and thus I-II and I-III changed first, followed
by changes in the peripheral wave 1 (Fig. 24). Amplitude
decreased and in some rats all the BAEPs were abolished (Fig.
2B). There were no significant changes of BAEPs in controls.
The BAEP results confirm that injection of sulfa into these jj
rats produced typical, acute bilirubin-induced neurotoxicity.
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There was no statistically significant difference in SEP CCT
between groups over the course of the experiment, and CCT
did not increase significantly over baseline in either the exper-
imental group (0.015 = 0.40 ms versus baseline, p = 0.92) or
control groups (Fig. 3). In rats whose BAEPs were abolished,
(Fig. 2B) no changes in SEPs were observed.

The SEP Erb’s early peripheral response decreased slightly
versus baseline in both the experimental group (—0.06 * 0.04
ms, p = 0.002, paired, 2-tailed ¢ test) and control (—0.08 =
0.08 ms in all three control groups combined, p = 0.01, paired,
2-tailed  test), but there was no significant difference between
groups. The early SEP wave was also identified on the con-
tralateral to ipsilateral parietal electrode pair used to obtain the
cortical response (Fig. 1, top, and Fig. 3, left) and baseline
values of 1.57 = 0.26 ms in jjs and 1.54 = 0.10 ms in Njs were
not significantly different from the Erb’s latencies recorded
from the clavicles, and also decreased slightly in jjs (—0.08 =
0.05 ms, p = 0.003) and Njs (—0.06 = 0.09 ms, p = 0.06).
There were no other statistically significant SEP differences in
the controls or between control and experimental groups.

DISCUSSION

Acute bilirubin toxicity produced abnormal BAEPs but no
significant change in SEPs in this animal model of acute
bilirubin encephalopathy. The results demonstrate the selectiv-
ity of bilirubin toxicity for the auditory system since the acute
bilirubin neurotoxicity in the jaundiced Gunn rat is selectively
associated with peripheral and central auditory but not somato-
sensory system dysfunction as measured with the SEP
technique.

The changes that occur in the BAEP with acute bilirubin
neurotoxicity are due to involvement of brainstem auditory
structures, e.g. the cochlear nucleus, medial nucleus of the
trapezoid body, superior olive, lateral lemniscus, and the infe-
rior colliculus (15, 20, 22, 30, 31, 36—40). Other structures
involved in bilirubin toxicity or kernicterus are the oculomotor
nuclei, the CA2 sector of the hippocampus, cerebellum, sub-
thalamic nucleus and the globus pallidus, a part of the basal
ganglia (13-15). Abnormalities of the globus pallidus have
been found with MRIs in human infants with kernicterus
(41-43).

Table 1. BAEP and SSEP latencies and interwave intervals

Experimental Controls
Postinjection Postinjection
Baseline (change from baseline) Baseline (change from baseline)

BAEP Wave I 1.22 £0.10 0.10 = 0.08* 1.22 £ 0.15 0.05 £ 0.03
I-IT Interwave Interval 1.15+0.17 0.18 = 0.17* 1.08 = 0.06 —0.01 = 0.02
I-1II Interwave Interval 2.14 £0.19 0.56 = 0.33* 2.07 £0.12 0.02 = 0.06
SEP Erb’s Point 1.52 = 0.26 —0.06 = 0.04§ 1.44 = 0.15 —0.08 = 0.08§
SEP Cortical Wave 721 £0.77 —0.05 £ 0.39 6.95 = 0.47 —0.18 = 0.32
SEP Erb’s-Cortical 5.69 = 0.63 5.70 = 0.52 5.51 =0.39 —0.10 = 0.36

Latencies (msec) in jaundiced (jj) Gunn rats (experimental, » = 8) and in jaundiced and nonjaundiced controls (BAEP, n = 11; SEP, n = 12) before
sulfadimethoxine injection (baseline), and change in latencies 6.8 * 1.5 h after injection (postinjection). Note the increased BAEP wave I latency, and the I-1I

and I-III conduction times in the experimental group.

*p < 0.01 by paired, 1-tailed t-test. § p < 0.01 by paired, 2-tailed t-test, see text.
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Figure 1. Somatosensory evoked potential (SEP) recordings in a 17-d-old
Gunn rat. Two simultaneously differential recordings to right median nerve
stimulation are shown, obtained from the left to right clavicle (bottom) and the
contralateral parietal cortex to ipsilateral clavicle(top). The Erb’s latency is the
time from the stimulus to the first peak of the left to right clavicle recording
montage (bottom) and the cortical wave latency is the time from the stimulus
to the subsequent wave from the contralateral parietal cortex (top). Central
conduction is obtained by subtracting the Erb’s from the cortical latency.

The proprioceptive or lemniscal system, which generates
SEPs in response to median nerve stimulation, enters the CNS
from the brachial plexus, ascends in the ipsilateral fasciculus
cuneatus in the dorsal columns of the cervical spinal cord to
synapse in the nucleus cuneatus in the brainstem, crosses in the
medial lemniscus to the ventral posterolateral nucleus of the
thalamus, exits via the posterior limb of the internal capsule
and courses through the thalamoparietal radiations through the
central white matter to the primary somatosensory cortex in the
post central sulcus of the parietal lobe (2427, 44, 45). Ab-
normalities of these areas have not been described in ker-
nicterus (13, 15, 46). Thus, it is not surprising that SEPs remain
unaffected while BAEPs are affected.

There are no direct pathways from the globus pallidus to the
lemniscal pathways subserving proprioception and other tactile
sensations, and PET studies show no basal ganglia activation
with unilateral median nerve stimulation (47) or vibrotactile
stimulation (48, 49). However, a more recent PET study in
adult humans has uncovered evidence of a sensory response of
the globus pallidus to vibratory stimuli in the absence of motor
activity (50). It is hypothesized that the globus pallidus acts as
a sensory integrator between the somatosensory and motor
systems. Although possible, it is unlikely that this aspect of
proprioceptive somatosensory function is assessed by conven-
tional SEPs. Unequivocal pathologic and MRI evidence of
damage to the globus pallidus coupled with this new informa-
tion about the functional role of the globus pallidus in sensory
integration suggests that abnormalities of sensorimotor and
sensory integration may be present in patients with kernicterus
and may be impaired without affecting the SEP.

In our study, both experimental and control groups showed
a slight but statistically significant decrease in Erb’s latency
versus baseline over the course of the experiment. This is most
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Figure 2. BAEPs in two experimental 17-d-old jaundiced (jj) Gunn rats
before (Baseline) and up to 8 h after sulfa injection to produce acute bilirubin
neurotoxicity. (4) In Rat A, note the increased wave latencies and decreased
amplitudes with time after injection. (B) In Rat B, BAEPs were abolished with
no change in SEPs (see Fig. 3). The abnormal BAEPs confirm that injection of
sulfonamide into these jj Gunn rats produced typical, acute bilirubin-induced
neurotoxicity.

likely secondary to an effect of temperature, despite our efforts
to control it with a warming pad benecath the rat pup, a
servocontrolled heat lamp above, and a 10-min period of
temperature equilibration after rectal temperature reached
37.5°C. We suspect that with anesthesia during the experiment
core temperature began to decrease slightly, requiring more
radiant heat from the heat lamp to keep rectal temperature
stable. This would have the effect of relatively greater warming
of the periphery and peripheral nerves. Since nerve conduction
velocity is temperature dependent, a warmer temperature
would lead to more rapid conduction peripherally and decrease
the latency of Erb’s response, or the time from the onset of the
stimulus in the extremity to the arrival of the afferent volley at
the brachial plexus.

The results of this study do not support the finding of
Bonger-Schokking et al. (12) who found a positive correlation
of CCT and peak bilirubin level in 3-d-old term human new-
borns with peak bilirubin levels =250 umol/L (=14.7 mg/dL).
After phototherapy and/or exchange transfusions CCT im-

Contralateral Parietal Lobe

Clavicle
Erb's

) Cortical
Baseline :

7 hours

Figure 3. SEPs in an experimental 17-d-old jaundiced (jj) Gunn rat before
(Baseline) and 7 h after sulfa injection to produce acute bilirubin neurotoxicity.
No change in SEPs despite dramatic change in BAEPs in the same rat (see Fig.
2B).
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proved but remained elevated; 5 wk later CCT was normal but
N13, a response from interneurons in the cervical spinal cord,
was prolonged.

The current study differs from that of Bonger-Schokking et
al. in a number of ways. First, pathology in humans and the rat
may differ in the way that the somatosensory pathways are
involved, with humans more susceptible than rats. However,
this finding would be unique, since there is otherwise so much
similarity between human pathology and the Gunn rat model,
and lemniscal pathway pathology is not described in the Gunn
rat (30-32). Second, our experimental animals were studied
acutely after bilirubin exposure. Toxicity may develop more
slowly in the somatosensory system than in the auditory sys-
tem, and it is possible that we missed changes that would have
appeared later in our rats. Still, it is surprising that 6—8 h after
severe and extreme BAEP changes, not even subtle SEP CCT
changes could be demonstrated. Third, the developmental tim-
ing of the insult is another possibly important difference. We
have shown a developmental susceptibility to bilirubin neuro-
toxicity in the Gunn rat cerebellum, with areas undergoing
differentiation more susceptible than areas that are either more
immature or more differentiated (51). Although the 17-d-old
rat’s auditory system is developmentally comparable to a
human neonate’s, the rat’s motor system is much more mature.
Cerebellar atrophy occurs frequently in the jj Gunn rat at about
7 d of age, and perhaps the rat’s sensitive period for SEP
pathway damage occurred also at that time, and our acute
toxicity studies at 17 d were performed after the sensitive
period for the lemniscal system. However, pathologic studies
almost uniformly find evidence of cerebellar atrophy without
evidence of damage in the lemniscal pathways, and our find-
ings of no differences in baseline SEPs between jj Gunn rats
and controls suggest that earlier damage to the SEP generators
did not occur.

Bongers-Schokking ef al. ’s measure of CCT differed slightly
from ours. They used the difference between the cortical
potential and N 13, a cervical spinal cord wave, and we used the
difference between the cortical wave and the Erb’s brachial
plexus wave, which is larger, more consistent and easily
obtained. Our “central” measure thus includes a small, non-
central peripheral component, namely conduction from the
brachial plexus through the ventral roots to the spinal cord.
However, Bongers-Schokking et al. also found abnormalities
in the absolute latency of their patients’ cortical waves, which
we did not find in our rats. Further, they reported delays in N13
at 6 d of age when CCT was abnormal, and again at 5 wk of
age when CCT was normal. Our studies used anesthesia, which
may affect cortical components and might have blunted the
cortical responses so that an abnormality was not observed.
However, cortical SEPs are routinely used for intraoperative
monitoring with humans and though some increases in latency
and decreases in amplitude may be seen, the responses are
robust and useful for detecting subtle somatosensory
dysfunction.

Technical differences may also have accounted for some of
the discrepancies. Bongers-Schokking et al. used extremely
restricted filter settings, from 2 Hz to 100 Hz, whereas our
filtering was relatively wide, from 0.5 Hz to 8000 Hz. The 100
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Hz low-pass filter, which they used, would attenuate the am-
plitudes and alter the latencies of waves with frequencies above
100 Hz, i.e. shorter than 10 ms in duration. Published methods
for SEPs in human infants generally recommend 30-3000 Hz
filter settings (52-59). A low-pass filter setting much below
2500 Hz results in distortion of SEP components (60), and
compared with 3000 Hz, a 1500 Hz low-pass filter setting has
been shown to obscure the earlier cerebral components in
infants (59). The restrictive filtering of 2—100 Hz may interfere
with accurate detection of peaks or the true wave may disap-
pear entirely, replaced by filter artifact. Finally, Bongers-
Schokking et al.’s reports of significant loss of N13 and N20
SEP amplitude with repeated stimulation have not been veri-
fied by others. Since components later than the N20 are subject
to fatigability, perhaps their N20 waves were actually later
components distorted by restrictive filtering and mistaken for
the N20.

Silver et al. (28) recorded SEPs during development and
before and after intraperitoneal injection of sulfadimethoxine
100 mg/kg into 19-23 day old jj Gunn rats. Early components
with positive peaks of 1.19 = 0.1 ms and 3.02 = 0.2 ms were
seen, with significant 10% and 4% increases of those early
components. Cortical waves could not be recorded at all in
these animals or in others before 28 d, but were present in adult
jis at 8.5 = 0.47 ms and Njs at 8.32 = 0.49 ms. We did not find
abnormalities of early components after sulfa, and had no
trouble obtaining the later cortical SEP components in any of
our 16—17-d-old rats. There is no obvious explanation of the
differences in our findings. They kept temperature less tightly
controlled at 36-37°C whereas our system controlled rectal
temperature more tightly, with a variation of only 0.1°C during
the experiments. A 1°C drop in temperature could account for
the increases in latency they saw, and if sick jj rats’ tempera-
tures dropped in comparison to their Nj controls this may have
accounted for group differences. Their electrode position to
record the early peripheral responses was slightly different
from our clavicle-to-clavicle position which is the standard
position used clinically to record Erb’s response waves (57,
61). However, we re-analyzed our early waves from the non-
standard contralateral to ipsilateral electrode montage, and
found the same lack of effect. Finally, in our pilot studies the
cortical SEP response was highly sensitive to electrode posi-
tion, and was reliably obtained only with the positioning
technique we described. Silver et al. studied slightly older
animals yet were unable to obtain cortical responses, perhaps
related to slight differences in positioning technique.

The results of our study demonstrate the selectivity of acute
bilirubin toxicity for the auditory system in the Gunn rat model
of bilirubin encephalopathy. Our findings of no changes in
SEPs in this model are consistent with a lack of histopatho-
logical evidence of involvement of the somatosensory path-
ways which generate the SEP, namely the lemniscal pathways
subserving the primary proprioceptive sensations of vibration
and joint position in human and animals, and support the
selective vulnerability of certain brain regions or systems, e.g.
peripheral and central auditory nervous system pathways, for
bilirubin toxicity. Additional studies are necessary to deter-
mine whether somatosensory evoked potentials are affected by
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more chronic bilirubin toxicity, or whether abnormalities de-
velop with more time after acute exposure, and whether the
other somesthetic sensations, sensory integration or sensorimo-
tor integration are affected by bilirubin neurotoxicity and
kernicterus.
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