age number of intromissions per minute
(Fig. 2) (I5).

These data support our hypothesis.
Eliminating the efferent control of the
VNO pump produces deficits similar to
those obtained after eliminating the af-
ferent outflow from the VNO. There
were differences, however, between the
performance of the two groups in the es-
trous-female test. When compared with
the sham group, both showed statistical-
ly significant deficits in this test, but the
deficit in the VN + ZnSO, group was sig-
nificantly more severe (P < .001) (/4).
Because the VN organ and nerves were
intact in NP + ZnSO, animals, one or
more of the following explanations may
account for the difference between
groups. (i) There may be some diffusion
of small amounts of stimulus substances
into the VNO during the course of the
10-minute estrous-female test. (ii) The
stress of handling and encounters with
other behaving animals may result in
some activation of the vascular pump
through fluctuations in systemic blood
pressure. (iii) Changes in concentration
of circulating epinephrine might also op-
erate the pump directly (/6), especially if
the adrenergic target tissue in the VNO
were subject to denervation hyper-
sensitivity, as has been suggested for
other tissues (/7).

The deficits observed in NP + ZnSO,
animals in the cycling female test are, in
any case, unequivocal. In the scented
male test, where many cues associated
with receptive females are excluded, the
results are even more striking. Here
NP + ZnSO, and VN + ZnSO, animals
showed almost identical deficits. Under
these conditions any residual VN af-
ferent input in the animals with NP nerve
lesions seems to be insufficient to main-
tain the behavior. We interpret the re-
sults of these experiments as evidence
that the VNO pumping mechanism pre-
viously demonstrated in anesthetized an-
imals is necessary for normal stimulation
of the VNO in behaving animals.

MICHAEL MEREDITH
DaviD M. MARQUES
ROBERT J. O’CONNELL
F. LEE STERN
Worcester Foundation for Experimental
Biology, 222 Maple Avenue,
Shrewsbury, Massachusetts 01545
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Differences in the Distribution of Gray and White Matter in

Human Cerebral Hemispheres

Abstract. The distribution of gray matter in the two cerebral hemispheres was
determined by the xenon-133 inhalation method. There was more gray matter rela-
tive to white matter in the left hemisphere than in the right, particularly in the frontal
and precentral regions. This finding suggests that the organization of the left hemi-
sphere, relative to that of the right, emphasizes processing or transfer within regions,
or both, rather than transfer across regions.

No coherent body of data exists to ex-
plain why the left hemisphere specializes
in analytic, logical, and verbal functions
(1), whereas the right hemisphere sub-
serves holistic, gestalt, spatial functions
(2). Although the two hemispheres seem
to contain equal amounts of neural tissue
(3), a greater density of cells has been re-
ported in the left than in the right hemi-
sphere (¢), the surface of the planum
temporale is larger and the sylvian fis-
sure is longer in the left hemisphere (5),
and the left hemisphere is more exten-
sively fissured than the right (6). These
differences in themselves, however, do
not give sufficient clues to the mecha-
nisms responsible for functional dif-
ferences between the hemispheres. We
now present evidence, based on rates of
isotopic clearance, for interhemispheric

0036-8075/80/0314-1226$00.50/0 Copyright © 1980 AAAS

differences in amount and distribution of
gray and white matter.

In a recently developed, noninvasive
method for measuring regional cerebral
blood flow, the subject inhales 33Xe (7).
Clearance of the xenon from the brain is
measured by sodium iodide crystal de-
tectors placed over the subject’s head.
We tested 36 right-handed male under-
graduates who had no left-handed first-
degree relatives. Eight detectors were
placed over homologous regions of each
hemisphere (Fig. 1). Using a two-com-
partmental analysis (7), we calculated
the relative weight (w,) of perfused gray
matter, expressed as a percentage of the
total weight (gray and white matter) of
perfused tissue, for each location (8).

Values for w, were greater for the left
than for the right hemisphere [F(1,
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35) = 36.43, P < .001] (9); that is, the
ratio of gray to white matter was greater
in the left hemisphere than in the right.
The differences among regions within a
hemisphere were also significant [F(7,
245) = 44.66, P < .001], as was the in-
teraction [F(7,245) = 11.17, P < .001]
(Fig. 1) (10).

The value of w, was greater for the left
hemisphere than for the right in all but
the parietal-central and one of the tem-
poral areas. The proportion of gray mat-
ter was significantly greater in the left
hemisphere for detectors 1, 3, 4, and 8
(all P < .02) and in the right hemisphere
for detector 5 (P < .02). (The differences
for the other three pairs were not signifi-
cant.) Thus, the differences between the
two hemispheres are particularly pro-
nounced in the frontal and precentral re-
gions, areas involved in speech produc-
tion and abstract reasoning.

Although our detectors sampled fairly
large and representative regions of the
brain, there were areas, particularly in
the occipital and some of the temporal
regions, that we did-not sample (/7). The
ratio of gray to white matter in these
areas is conceivably different from what
we have observed. In particular, our de-
‘tectors did not adequately sample tem-

poral regions generally assumed to sub-

serve language processing. However,
McHenry et al. (12) sampled both the an-
terior and the posterior temporal regions
and found that these regions contained
the largest ratios of gray to white matter
and that the ratios were higher in the left
than in the right hemisphere. In general,
the ratio of gray to white matter was
greater in the left for five of their seven
detectors (I3). Meyer et al. (14) used dif-
ferent detector locations in which occipi-
tal and a number of temporal regions
were sampled. In all of the seven homol-
ogous pairs of detectors, w, was greater
for the left hemisphere than for the right.
Blauenstein et al. (I5) found approxi-
mately equal values for w, in the two
hemispheres for the regions sampled. If
all four studies thus far reported are con-
sidered jointly, w, values were larger for
the left than the right hemisphere in 21 of
28 homologous pairs of detectors that
showed interhemispheric differences (P
< .001). Thus, it is unlikely that our find-
ings of an interhemispheric difference in
w,; were an artifact of our sampling of
brain regions.

Our results could also be stated as
showing a higher ratio of white matter to
gray matter in the right hemisphere than
in the left. Given Connolly’s (6) report of
greater fissuration in the left hemisphere,
LeMay’s finding (/6) that the right fron-
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Fig. 1. Relative amount (=%
standard errors) of perfused
gray matter (w,) plotted sepa-
rately for eight homologous re-
gions in the left and right hemi-
spheres.
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tal lobe and the left parieto-occipital re-
gions tend to be wider in humans, and
Berger’s report (¢) of greater cell density
in the left hemisphere, it is reasonable to
suspect that, at least in the precentral re-
gions sampled in our study, there is more
white matter in the right hemisphere and
more gray matter in the left in absolute
terms. Gray matter consists of nerve
cells and nonmyelinated fibers, whereas
white matter consists primarily of myeli-
nated fibers. Thus, our results suggest
that verbal-analytic functions are sub-
served by an organization that empha-
sizes processing or transfer within re-
gions, whereas spatial-gestalt functions
are subserved by an organization that
optimizes transfer across regions.

The greatest amount of w,, as well as
the greatest interhemispheric difference
in the relative amount of gray matter,
was recorded in region 3. These homolo-
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Left hemispheric variance
of w; across detectors

Right hemispheric variance
of wy across detectors

Fig. 2. The variance of w, across eight regions
in the left and right hemispheres for individual
subjects. Each subject is represented by a
dot; a dot above the diagonal indicates greater
left than right hemispheric variance.

Detectors

gous detectors were positioned over the
region that includes the basal ganglia—
structures associated with fine senso-

_rimotor control (/7). As Semmes (/8)

pointed out, it is probably not a coinci-
dence that the dominant hemisphere for
language also has sensorimotor control
over the better-coordinated hand.
Rather, this fact suggests that ‘‘dif-
ferences at these simpler levels [that is,
sensorimotor control] are indicative of a
contrast in neural organization which fa-
vors hemispheric specialization’’ (p. 12).
Discrete lesions in the left hemisphere
produce specific sensorimotor deficits,
whereas similar deficits resulting from
damage to the right hemisphere depend
less specifically on locus (/8). Semmes
concluded that the left hemisphere is het-
erogeneously or focally organized, fa-
voring integration of similar units of in-
formation, while the right hemisphere
contains more homogeneous or diffuse
representation of elementary functions,
favoring integration of dissimilar units.
The focal organization of the left hemi-
sphere may underlie ‘‘specialization for
behaviors that demand fine sensorimotor
control, such as manual skills and
speech’ (p. 11), while the diffuse organi-
zation of the right hemisphere underlies
‘‘specialization for behaviors requiring
multimodal coordination, such as vari-
ous spatial abilities’’ (p. 11). Semmes did
not suggest neurophysiological sub-
strates for these asymmetries. However,
there is greater variability across regions
in the left than in the right hemisphere
(Fig. 1). We determined, for each sub-
ject, the variance of w, across regions for
the left and right hemispheres. Homoge-
neous distribution of w, should produce
a lower variance. Conversely, focal or-
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ganization should be associated with
greater variability.

Variation across regions in the left
hemisphere was greater than in the right
hemisphere [¢#(35) = 6.30, P < .001)]
(Fig. 2). The variances in the two hemi-
spheres positively correlated (r = .64),
and the variability of w, in the left hemi-
sphere was greater than that in the right
hemisphere for 32 out of the 36 subjects
19).

The relative weight of gray matter was
greater in the left hemisphere than in the
right for 31 subjects. In the five other
subjects, the variance of w,; was greater
in the left hemisphere. Conversely, the
four subjects with more variable w, in
the right hemisphere had a higher w, in
the left hemisphere. Three quarters of
the subjects had both greater w, and
greater variance in w, in the left hemi-
sphere. Since all subjects were right-
handed males, with no left-handed first-
degree relatives, we can assume lan-
guage dominance in the left hemisphere.
All subjects had either greater relative
amount or more variation of gray matter
in the left than in the right hemisphere.
Therefore, hemispheric differences in
magnitude and variability of w; may be
potential markers of language domi-
nance. To validate these markers, how-
ever, they must be studied in subjects
with right-hemispheric dominance for
language (20). Further, subjects who dif-
fer in degree of hemispheric special-
ization (27) should be studied in order to
determine the extent to which our mea-
sures reflect individual differences in the
degree as well as the direction of func-
tional cerebral asymmetry.

Our findings suggest a further line of
investigation centering on the relation
between the distribution of the two types
of neural tissue in the cerebral hemi-
spheres and the morphological and cyto-
architectonic asymmetries discovered
earlier (5). It would be of interest, for ex-
ample, to find out whether the larger
planum temporale in the left hemisphere
reflects an increase in the amount of gray
matter, white matter, or both types of
neural tissue. A more complete under-
standing of structural and functional
asymmetries in the human brain could al-
so be obtained by three-dimensional his-
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tological and tomographic studies. Such
research will not only help identify the
areas in which the most pronounced dif-
ferences between the two hemispheres
occur, but can also suggest more detailed
mechanisms to account for the function-
al differences among those regions.
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