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ABSTRACT 

The manifestations of bilirubin encephalopathy include dis- 
turbances in thc visual pathway (visual gaze paralysis and dis- 
torted visual perccption). In the young jaundiced Gunn rat (ij) 
model of hyperbilirubinemia, significant differences in visual 
evoked potential (VEP) patterns have been recorded during 
development. In the present study, the cil'ects of sulfadimethox- 
ine (SIIM) on VEP and electroretinogram (ERG) were examined 
in 3-wk-old jj rats. This drug displaces bilirubin from its albumin 
binding sites in the circulation, shifting i t  into tissues including 
the brain. Marked latency prolongations (1 1-20%) and reduced 
amplitudes (20-64%) were observed i n  the different wave com- 
ponents of the VIP.  These changes were evident as early as 2 h 
after injection of the drug and persisted thereafter for another 4 
h. On the other hand, ERG changes (significant prolongation of 

The  manifestations of bilirubin encephalopathy include 
hearing loss and psychomotor lesions such as  cerebral palsy (1, 
2), as  well as  disturbances in the visual system which include 
visual perception impairment and gaze paralysis (1-4). The 
VEP was  shown to be abnormal in hypcrbilirubinemic new- 
borns, returning to a normal pattern after exchange transfusion 
(5). In this laboratory, the VBP of the developing jj Gunn rat 
(used as  a model for neonatal jaundice) was found to be a 
sensitive marker for the effects of hyperbilirubinemia on the visual 
pathway (6). The VBP of 3-wk-old jj rats showed prolonged 
latencies in those animals which subsequently died during the 4th 
wk of life, compared with that of the surviving jj rats, suggesting 
a greater degree of bilirubin-induced damage in the visual path- 
way in the former animals (6). Shapiro (7) reported that SDM 
induced severe abnormalities in the evoked potentials of the 
auditory nerve and brainstem. T o  study further the role of bilirubin 
in the above described visual pathway lesion(s), the VEP was 
recorded in 3-wk-old jj rats treated with SDM. This cornpound is 
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wave b) became apparent in these animals only 6 h after SDM 
injection. These results suggest that, although some changes in 
the retina may occur after a massive entry of bilirubin into the 
nervous system, the primary damage in the visual pathway after 
bilirubin exposure is probably beyond the retina. (Pediatr Hes 
38: 258-261, 1995) 

Abbreviations 
VEP, visual evoked potential 
ERG, electroretinogram 
jj, homozygous recessive, jaundiced Gunn rat 
Jj, hcterozygous, nonjaundiced Gunn rat 
SDM, sulfadimethoxine 

known to displace bilirubin from its albumin binding sites in the 
circulation, shifting it into neural and other extravascular com- 
partments (8-10). The ERG was also recorded to obtain informa- 
tion on the site of lesion in the visual pathway. 

METHODS 

Animals. jj and Jj Gunn rats, 20-22 d old, were obtained 
from our colony at the Hebrew University-Hadassah Medical 
School. Female Jj rats were mated with jj males and were kept 
together with the offspring on a 12-h light, 12-h dark cycle, at 
constant room temperature (23-25°C). The rats were fed rat 
food containing 11% fat (Weizmann Institute, Kehovot, Israel) 
and water ad libitum. 

SIIM administration. S D M  sodium salt (Sigma Chemical 
Co., St. Louis, MO), dissolved in saline (20 mg/mI,), was 
injected intraperitoneally (100 mglkg) to jj and Jj rats imme- 
diately after the initial baseline VEP and ERG recordings. 
These recordings were repeated 2 and 6 h after injection. 

Blood samples were taken from the tail vein immediately 
after the first VEP and ERG recordings (before injection). A 
second blood sample was taken 6 h after the injection. Plasma 
bilirubin levels were determined by the method of Michaelsson 

(11). 
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VEP recordings. Rats were anesthetized by light ether 
inhalation. The VEP was recorded as described in our devel- 
opmental study (6). Briefly, the VEP was elicited by high 
intensity flashes delivered by a Grass PS-2 photostimulator 
(Grass Instruments, Quincy, MA), triggered by the evoked 
response system Micro-Shev C-ERA 100 (Micro-Shev, Efrat, 
Israel) at a rate of 0.5js. The electrical activity was recorded 
using needle electrodes, placed at an occipital region and chin, 
and a ground electrode placed at a hind limb. The recording 
band pass was 0.8-30 Hz, and n = 64 traces were averaged. 
Typical VEP recordings are shown in Fig. 1. At least two traces 
were recorded for each condition, and average latencies and 
peak to peak amplitudes of waves P,, N,, and P, were deter- 
mined with the cursor. An independent observer determined 
these values without knowing the experimental background of 
the animals. During recording, body temperature was main- 
tained at 36.5-37OC with a heating pad and monitored with a 
telethermometer (Yellow Springs Instruments Co., Yellow 
Springs, OH). 

ERG recordings. The ERG was elicited using the same 
stimulus, but a silver ball electrode was placed on the cornea 
with a drop of saline to improve the contact between the cornea 
and the electrode. The second differential electrode was placed 
at the chin, to reduce VEP activity, and a ground electrode was 
placed at a hind limb (stimulus rate = 0.51s; band pass = 

0.8-30 Hz; n = 32). At least two traces were recorded for each 
condition. Typical ERG recordings (showing waves a and b) 
are presented in Fig. 1. Results are presented as mean ? SD, 
and statistical evaluation was performed using repeated mea- 
sures analysis of variance. 

RESULTS 

The VEP was recorded in 12 jj and 14 Jj rats, 20-22 d old, 
originating from five litters. Plasma bilirubin levels in the jj 
rats before SDM injection were 12.1 + 3.7 mg/dL. Six hours 
after SDM injection, plasma bilirubin levels decreased to 2.6 ? 
1.1 mg/dL (p < 0.0001). Injection of SDM caused marked 
prolongations of VEP wave latencies in jj rats (Fig. 2A). This 
effect was evident as early as 2 h after injection and persisted 
for at least an additional 4 h (Fig. 3). Six hours after SDM 
injection, jaundiced animals exhibited maximal increases of 
8.50 t- 6.23 ms for wave P, (baseline, 35.53 2 2.37 ms), 8.54 
f- 4.71 ms for wave N, (baseline, 43.89 ? 6.41 ms), and 7.19 

Figure 1. Typical VEP (A) and ERG (B) recordings in Jj (above) and jj 
(below) Gunn rats. S indicates the time of stimulation. 

BEFORE 

INJECTION 

Figure 2. Changes in VEP wave latency and amplitude in two jaundiced (jj) 
rats after SDM injection. In rat A,  clear changes in VEP pattern were apparent 
as early as 2 h after injection, whereas in rat B therc was no clear response 6 
h after injection. S indicates the time of stimulation. 

-C 5.51 ms for wave P, (baseline, 66.62 2 3.24 ms). On the 
other hand, the nonjaundiced Jj rats showed slightly shorter 
wave latencies at this time. 

Amplitudes decreased significantly in jj animals (Fig. 4), 
whereas there were no statistically significant changes in the Jj 
animals. The most remarkable effects of SDM were observed 
in five jj rats, in which some or all V'EP waves could not be 
detected after injection of the drug (Fig. 2B). 

The ERG was also recorded in the same rats. Injection of 
SDM caused a significant prolongation of wave b latency in the 
jj animals (p < 0.005), with no change in wave a latency (Fig. 
5). However, this effect on the ERG was first detected only 6 
h after injection, whereas the prolongation of VEP wave 
latencies was already close to maximal as early as 2 h after 
administration of the bilirubin-displacing drug. No changes 
were found in ERG wave amplitudes (data not shown). 

DISCUSSION 

SDM induced marked VEP and moderate ERG changes in jj 
rats. These changes probably resulted from increased entry of 
bilirubin into the CNS, because SDM is known to displace 
bilirubin from its albumin binding sites in plasma, shifting it 
into extravascular compartments (8-10). It has been shown 
that, immediately after injection, sulfonamides caused a very 
rapid decrease in total plasma bilirubin levels and a transient 
3-fold increase in free bilirubin levels, which returned to 
preinjection values within 30 min (8). The VEP changes 
(prolongation of wave latencies and decreased amplitudes) 
were apparent in jj rats injected with SDM as early as 2 h after 
injection, whereas the ERG exhibited a significant prolonga- 
tion of wave b latency only 6 h after SDM injection. Thus, the 
changes in VEP pattern caused by bilirubin are apparently not 
a direct consequence of damage to the retina, because the 
retinal changes occurred only after the changes in VEP. 

The VEP is thought to be generated in the visual cortex 
(12-14). Inasmuch as visual cortex damage, e.g. loss of neu- 
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JAUNDICED NON-JAUNDICED 
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JAUNDICED NON-JAUNDICED 
Figure 3. VEP wave latencies before (H), 2 h (B), and 6 h (B) after SDM 
administration to jj and Jj Gunn rats. Differences compared with baseline Figure 4. VEP wave amplitudes before (m), 2 h (@) and 6 h (B) after SDM 
(before injection) are statistically significant: * p  < 0.05, " " p  < 0.01, ***p < administration to jj and Jj Gunn rats. Differcnces compared with baseline 
0.002, and **"*p < 0.0001. (before injection) are statistically significant: *p < 0.05, "*p < 0.01, """p < 

0.005, and ****p < 0.0001. 

rons and neuronal degeneration, has been reported in autopsies 
of children who suffered from hyperbilirubinemia and devel- 
oped kernicterus (15), the marked changes in VEP caused by 
SDM in jj rats may reflect such damage to the visual cortex, 
even though histopathologic examinations were not made in 
this study. We cannot exclude, however, possible damage to 
the neural pathway between the retina and the visual cortex. In 
fact, optic nerve degeneration and optic nerve atrophy have 
been reported in autopsies of children who developed ker- 
nicterus (16, 17). The effect of SDM on wave b latency of the 
ERG in jj rats may be a secondary effect on glial cells in the 
retina, because wave b is thought to be generated by such cells 
(18, 19), and bilirubin has been shown to affect glial cells as 
well as neurons (16, 20). 

In a study in hyperbilirubinemic piglets, to which sulfisoxa- 
sole was injected, changes were observed in auditory brain- 
stem-evoked responses without affecting serum or cerebrospi- 
nal fluid levels of neuron-specific enolase (21). This was 
interpreted as indicating that overt neuronal damage was not 
induced over the 6-h period of the experiment. 

It should be pointed out that jj rats receiving SDM developed 
convulsions 8-10 h after injection, and most of these rats died 
10-48 h after injection. In this respect, it should be borne in 
mind that VEP changes during early development werc more 
pronounced in the jj rats who subsequently died during the 4th 
wk of life (6). 

We have no convincing explanation for the occurrence of 
slightly shorter VEP latencies after SDM administration to Jj 
Gunn rats. However, the latencies of the somatosensory evoked 
potential waves were also shorter after SDM injection to Jj rats 
(Silver, S, Sohmer H, Kapitulnik J, manuscript in preparation). 
Furthermore, VEP latency shortening was also found in Sabra 
rats treated with SDM in this laboratory (data not shown). 

The pronounced changes in VEP of jj rats after SDM 
injection, including complete disappearance of waves in some 
rats, suggest that VEP is a modality with high sensitivity for 
detection of changes in bilirubin dynamics leading to enceph- 
alopathy, and should be incorporated in the evoked potential 
battery used in the evaluation of bilirubin-induced neurotoxic- 
ity in jaundiced newborns. 
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JAUNDICED NONJAUNDICED 

Figure 5. E R G  wave  latencies before (W), 2 11 (B), and 6 h (I) after SDM 
administration to  jj and Jj Gunn rats. Only w a v e  b of the E R G  exhibited 
statistically significant changes in latency ( * p  < 0.005) 6 h after injection. 
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