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Commissural Transmission: Maturational Changes in Humans

Abstract. Latency differences between ipsilateral and contralateral somatosen-
sory evoked potentials show maturational trends in keeping with the myelogenic
timetable and development of the corpus callosum. The distribution and modality-
specific projection of early ipsilateral activity suggests an origin in the contralateral

posterior-parietal area.

In humans and other mammals, the
commissures of the forebrain are poorly
established at birth (/). Their growth par-
allels that of the neocortex, building up
as medullary sheaths (myelin) are depos-
ited. Culmination of the myelogenic
cycle in a given pathway has been taken
as an index of its functional maturity (2).
The corpus callosum and other associa-
tion bundles as well as the intracortical
plexus of the parietal lobe are among the
last cortical zones to begin and complete
the process of myelination.

The evoked potential has been widely
used to track the development of inter-
hemispheric communication in animals.
Recordings obtained directly from the
pial surface in a number of species (3)
show that the latency of the transcallosal
response decreases as a function of age.
Detailed electron microscopic examina-
tion of the corpus callosum has revealed
a strong inverse relationship between the
emergence of myelinated callosal axons
and the latency of the interhemispheric
evoked potential (¢4).
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Topological studies of human evoked
potentials to sensory stimulation have
shown that the ipsilateral response fol-
lowing unilateral stimulation is consis-
tently slower and of smaller magnitude
than the contralateral response (5). The
latency difference between selected
components of ipsilateral and contra-
lateral responses has been interpreted as
representing the commissural delay (6).
In the visual modality, a stimulus falling
on the left hemiretinae projects exclu-
sively to the right occipital lobe and one
on the right hemiretinae projects to the
left lobe. Thus commissural transmission
can be directly inferred from ipsi-con-
tralateral differences. In this respect, sig-
nificantly longer latencies and lower am-
plitudes have been observed over the
homolateral cortex after hemifield stimu-
lation (7).

Since strict fixation is required for uni-

lateral visual activation, this modality is
not suitable for testing young children
and infants. Behavioral determinants
such as dichotic listening or tachisto-
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scopic reaction time have provided unre-
liable and often contradictory results re-
garding commissural transfer (8).

I have studied the somatic afferent
system in order to derive an objective
measure of commissural transmission in
humans irrespective of age. Differences
found in the latency, distribution, and
development of ipsilateral and con-
tralateral responses indicate that the
evoked potential recorded from the
scalp’s surface can provide valuable in-
formation regarding myelogenesis and
maturation of the corpus callosum.

Sixty healthy subjects ranging in age
from 2 years to adulthood (9) received
tactile stimulation of the left or right in-
dex finger (counterbalanced). The stimu-
lus was produced by an Optacon reading
aid for the blind. The Optacon consists
of a 24 by 6 array of probes covering an
area of 28 mm by 14 mm; it generates a
250-Hz vibrotactile pulse. The intensity
of the stimulus was a 65-um indentation
for a duration of 50 msec. Cortical poten-
tials evoked by 25 stimuli delivered at a
rate of one every 2 seconds were auto-
matically summated with a special-pur-
pose (Nicolet 1070) or general-purpose
(PDP 8/E) computer. Bioelectric activity
was recorded bilaterally from symmetri-
cal placements 6 to 7 cm lateral to the
midline in the interaural plane and 1 to 3
cm posterior to this point. In several sub-
jects, recordings. were obtained from
multiple parasagittal locations. The ver-
tex (Cz) served as a common reference.
Preamplifiers (Grass P511) set for a
bandpass of 3 to 100 Hz amplified the sig-
nal. The average evoked potential wave-
form was read out, on line (Hewlett-
Packard XY plotter), and the latency
of the initial positive-negative-positive
complex was digitized.

Representative ipsilateral and con-
tralateral evoked potentials for several
age groups are presented in Fig. 1. The
peaks of interest, P1, N1, and P2, are
identified (top tracings). These peaks
were selected for their high within-and-
between subject reliability. Since they
constitute the earliest deflections of the
response, their accurate recognition
across age and between ipsilateral and
contralateral potentials was simplified.
Repeated measurements taken within a
session or over the course of 2 years in
several adults showed a high degree of
replicability. Notice the reduced ampli-
tude and prolonged latency of the early
components of the ipsilateral response
(Fig. 1). With increasing age there is a
progressive decline in the ipsi-con-
tralateral difference. Prior to 3.5 years of
age, reliable ipsilateral activity could not
be obtained. Figure 2 shows the mean
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commissural transmission time (ipsilat-
eral-contralateral latency difference) as a
function of age. Analyses of variance
performed on the individual components
(P1, N1, and P2) showed significant dif-
ferences (F = 14.0, P < .001; F =
10.05, P < .001; and F = 6.44, P < .05,
respectively) (10).

While these findings are compatible
with the notion of callosal maturation,
the origin of ipsilateral activity remains
open to question. Despite bilateral repre-
sentation in the somatosensory system,
the ipsilateral response is mediated
largely by the contralateral koniocortex
via the corpus callosum (/7). In the cat,
section of the corpus callosum or cooling
of the opposite hemisphere led to the im-
mediate disappearance of ipsilateral po-
tentials, although all extralemniscal

pathways remained intact. Moreover,
destruction of cortical areas SI and SII
eliminated short-latency evoked poten-
tials in the somesthetic sector of the cor-
pus callosum to direct (callosal) or pe-
ripheral stimulation (/2). That surgical
removal of or damage to the con-
tralateral primary receiving area in hu-
mans also completely eliminates all cor-
tical evoked activity supports the view
that the current fields set up in ipsilateral
and extracallosal pathways contribute
little to the surface response (13).

Thus, if ipsilateral activity depends on
output from primary and adjacent associ-
ation cortices, transcallosal potentials
would be expected to exhibit a homo-
topical projection (12, I14). In several
subjects, recordings were obtained from
an array of electrodes placed 1.5 cm
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Fig. 1 (left). Somatosensory evoked potentials to tactile

msec

stimulation: (A) 10 years to adulthood; (B) 7 to 10 years; (C)

5 to 7 years; (D) 3.75 to 5 years. Each trace represents an average of 25 responses recorded
from the contralateral (C) and ipsilateral (/) hemispheres of a different subject. Note the longer
Jatency and lower amplitude of the ipsilateral response. Also notice the progressive decrease
in ipsilateral latency (all peaks) with increasing age despite stable contralateral responses.
Fig. 2 (top right). Mean commissural transmission time (ipsi-contralateral latency difference)

for three components (P1, NI, P2) as a function of age.
of contralateral (C) and ipsilateral (/) potentials in an adult subject. Note that P/ and NI of

Fig. 3 (bottom right). Distribution

the ipsilateral response are present only at the P; (3 cm posterior to interaural plane) location
which roughly corresponds to the homolateral sensory receiving area. Late components of
unknown origin are bilaterally represented particularly in the posterior quadrant of each hemi-
sphere. The designations A and P with subscripts refer to the distances in centimeters either

anterior or posterior to the interaural plane.
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apart traversing the sensory hand area of
the postcentral gyri (superficial determi-
nation). Early activity, particularly P1
and N1, was confined exclusively to the
homologous site of maximum amplitude,
in contrast to the later waves, which
were diffusely represented (Fig. 3). This
differential distribution of the various
components further strengthens the sup-
position that early ipsilateral potentials
are indeed conveyed commissurally.

Even more compelling are the striking
maturational changes seen in commis-
sural transmission time (Fig. 2), which
conform to the known myelogenic cycle
of the corpus callosum (2). Correlational
analysis of the ipsi-contralateral latency
difference with age yielded significant
(P < .001) values for each peak (P1,
r=—.66; N1, r = —.67; P2, r = —.58)
in the 3.75- to 13-year age range but non-
significant coefficients from 10 years
through adulthood. This indicates that
commissural transmission attains symp-
tote by the end of the first decade of life
and agrees with previous histochemical
observations (2).

This study supports the contention
that ipsi-contralateral differences reflect
somatosensory commissural transmis-
sion and that the developmental time
course of the corpus callosum can be
studied in humans (in vivo). This tech-
nique may prove useful in assessing de-
myelinating disease and cases in which
maturational delay is suspected.

A. SALAMY
Langley Porter Neuropsychiatric
Institute, University of California,
and Brain-Behavior Research Center,
Sonoma State Hospital,
Eldridge, California 95431
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Lateralization of Norepinephrine in Human Thalamus

Abstract. Norepinephrine has a strongly lateralized distribution in the human thal-
amus. In the pulvinar region the left hemisphere is rich in norepinephrine, whereas in
the somatosensory input area the right hemisphere has a higher concentration of this
catecholamine. Such naturally occurring left-right differences in concentration of a
neurotransmitter represent a new aspect of hemispheric specialization.

In this report we provide evidence of a
significant, naturally occurring lateral-
ization in the distribution of a neuro-
transmitter system in the human brain.
These findings add a new dimension to
laterality concepts—that of left-right
(L-R) variations in the ‘‘chemical neuro-
anatomy’’ of the central nervous sys-
tem—the significance of which we think
might be correlated in the future with
functional and behavioral effects. The in-
troduction to a recent symposium on
hemispheric specialization and lateral-
ization in the nervous system suggests
that, ‘‘the lateralization problem im-
pinges upon the entire spectrum of brain-
behavioral research from the synapse to
the sentence’ (I). Here we provide strong
evidence of the chemical laterality.

Fig. 1. Regional nor-
epinephrine (NE) dis-
tribution in human
thalamus. The NE
values were averaged
over both thalami
from five separate
brains, but are repre-
sented here on a
single (left) thalamus.
Although precise ana-
tomical localization is
not intended, general
subdivisions and nu-
clei of interest are
designated on the dia-
gram: pf, parafasi-

NE (ng/g)

anterior nucleus

Recently developed assay procedures
enable us to analyze rapidly and accu-
rately the concentration of norepineph-
rine (NE), epinephrine, dopamine, and
ascorbic acid in brain tissue samples
weighing between 0.5 and 50 mg. Using
small punches from coronal slices we ini-
tiated a detailed mapping of these com-
pounds in selected areas of human brain.
Occasional bilateral punching, designed
to check the precision of the assays and
our neuroanatomical expertise (or lack
thereof), gave analyses with surprising
L-R differences in certain areas. These
differences far exceeded the estimates of
uncertainties in the assays or punching
techniques. The clinical histories did not
provide any evidence of hemineurolog-
ical dysfunction which might account for

100 300
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400

cular; ecm, centromedian nucleus; VPL-VPM, region of ventral post-
erolateral and ventral posteromedial nuclei; m.g.b., medial geniculate

body; l.g.b., lateral geniculate body [see (6) for discussion of alterna-

tive nomenclature of thalamic regions].
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such results. Accordingly, we began
studies of tissue samples from accurately
placed bilaterally symmetric punches.
The data from five brains are summa-
rized herein and primarily concern the L-
R distribution of NE in the thalamus, an
area in which we have been particularly
interested because of the possible in-
volvement of catecholamines in somato-
sensory pathways.

Brains were obtained after routine au-
topsy with the time between death and
autopsy varying from 9 to 16 hours (aver-
age, 12 hours). Immediately upon re-
moval the whole brains were placed in a
—70°C freezer and kept at this temper-
ature until ready for sectioning. The tem-
perature of the specimen was then al-
lowed to rise until slicing could be ac-
complished; however, the brain re-
mained in the frozen state at all times.
These procedures are qualitatively simi-
lar to those used by other investigators in
postmortem neurochemical studies (2).
Coronal slices 3 to 4 mm in thickness
were cut, placed on a glass plate over
Dry Ice, and photographed in color.
Samples were removed from the desired
areas with a sharpened punch. These
samples routinely weighed 30 to 40 mg
and were about 3 to 5 mm in diameter.
The slice was rephotographed after
punching and anatomical assignments
were confirmed from the photographs.
Standard whole brain and special tha-
lamic atlases were used as required (3).
Tissue punches were immediately re-
turned to the —70°C environment until
analyzed. Catecholamine (¢) and ascor-
bic acid (5) concentrations were deter-
mined by liquid chromatographic proce-
dures with electrochemical detection.
The analyses were conducted blind, in
that the analyst did not know the side or
exact location from which a given
sample was obtained.

The results showing thalamic cate-

pulvinar

VPL=VPM
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