of age, hypothalamic LHRH again peaks
between days 22 and 28 (7). In addition,
pituitary LH concentration increases to-
ward puberty (7). Perhaps increased hy-
pothalamic LHRH and pituitary LH ac-
count for the return of a response to
naloxone on days 22 to 26 and during the
peripubertal period. On the other hand,
the male’s increased sensitivity to exoge-
nous LHRH toward puberty (7) might
explain the heightened sensitivity to
naloxone at this time.

Since LH release is modulated by es-
trogen and since we found that estradiol
benzoate selectively blocked the nalox-
one-induced LH surge, patterns of
serum estradiol and estradiol receptor
concentrations during prepubertal life
might also explain the variable LH re-
sponse to naloxone in the female 8). Al-
ternatively, the major effect of endoge-
nous estrogens in modulating opioid-reg-
ulated LH secretion might be through a
neurotransmitter system involving dopa-
mine (9). We could reasonably assume
that testosterone exerts a similar modi-
fying influence in the male.

Although a different latency for the ef-
fects of estradiol benzoate on PRL and
LH cannot be excluded, the failure of es-
tradiol benzoate to alter the naloxone-in-
duced decrease in serum PRL (at least
within 48 hours of estrogen exposure) in-
dicates that the opioids probably exert
their control over LH and PRL secretion
through different mechanisms.

Although it is well known that the
opioids and their antagonists alter basal
levels of circulating anterior pituitary
hormones, we have presented evidence
that implicates the opioids in a physio-
logically important context: the regula-
tion of LH secretion during development
and therefore in the onset of puberty it-
self. Furthermore, the data indicate an
interaction between two widely diver-
gent systems in the control of LH secre-
tion: gonadal steroids and morphinelike
brain peptides.

MICHAEL S. BLANK
ALBERTO E. PANERAI
HENRY G. FRIESEN
Department of Physiology,
University of Manitoba, Faculty of
Medicine, Winnipeg R3E 0W3, Canada
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A Test of Some Models of Hemispheric
Speech Organization in the Left- and Right-Handed

Abstract. A new method generates specific predictions concerning the expected
frequencies of aphasia after unilateral injury to the brain in the left- and right-hand-
ed. These predictions are then compared with the observed data for all known studies
between 1935 and 1973 to derive the best-fitting model of hemispheric speech lateral-

ization in the left- and right-handed.

Clinicians have long reported a higher
incidence of aphasia in the left-handed
(LH) than the right-handed (RH) after
unilateral injury to the adult brain (/).
These reports, many anecdotal, have led
some investigators to hypothesize an in-
complete functional lateralization of
speech in the majority of the LH, which
results in greater sensitivity to acute
brain lesions (2-4). At the other extreme,
some investigators have dismissed re-
ports of a higher incidence of aphasia,
hypothesizing left-sided dominance for
speech in the vast majority of both LH
and RH adults (5). These two polar
views are contrasted with other reports
of a more variable pattern of cortical
speech representation in the LH. Ac-
cording to one of these positions, the
cortical speech mechanisms in the LH
are unilateral, though variable, with the
majority being dominant on the left side
(6-8). The other position proposes a
more complex pattern involving different
types of cortical speech organization;
some of the LH are hypothesized to have
variable unilateral hemispheric speech
(left- or right-sided) and some bilateral
speech (9-11).

If the incidence of aphasia after unilat-
eral brain injury were demonstrated to be
higher in the LH, it would at least sug-
gest the presence of a different pattern of
hemispheric speech; it would provide no
information, however, on the type of or-
ganization (unilateral, bilateral, or both).
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I now present an approach designed to
address both of these issues.

Table 1 presents a review of (to my
knowledge) all twelve studies (1935 to
1973) that have reported the incidence of
aphasia following unilateral brain injury
(left- and right-sided) in LH adults. Five
of the studies also reported frequency
data for RH adults. The data have been
recalculated to show the frequency of
aphasia separately for left- and right-
sided brain injury in each study and a
composite frequency (proportion) of
aphasia for combined lesions in each
study (final column). The incidence of
aphasia after brain injury on the left and
right side in the LH, ranged from a low
of 0.3 (study 9) to a high of more than 0.9
(study 2). The overall mean frequency
across studies was 60 percent (187 of
313). Comparative frequencies for the
RH ranged from a low of 33 percent
(study 8) to a high of 38 percent (study
11) with an overall mean frequency of 35
percent (714 of 2070). This frequency dif-
ference (proportions) is significant and
points to an almost twofold increase in
the incidence of aphasia in the LLH after
unilateral brain injury. Moreover, the in-
cidence of left-handedness approximates
closely the estimates of left-handedness
in the general population (313 of 2383
= 13 percent).

As they stand, however, the results
merely suggest that the cortical repre-
sentation of speech is different among
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the LH; beyond that, they provide no ad-
ditional information regarding the type of
hemispheric organization (unilateral, bi-
lateral, or both). Determining the type of
organization will require a hypothetical
model for each possible type of speech
lateralization for which, after unilateral
brain injury, the upper limit of aphasia
can be quantitatively determined. The
upper limit represents the maximum fre-
quency of aphasia that could be expected
under the assumption that aphasia al-
ways occurred after injury to the ‘‘domi-
nant’> speech hemisphere. In reality,
however, this value would be lower be-
cause not all lesions confined to the
dominant hemisphere encroach upon the
speech areas. However, if the expected
upper limit (EUL) is exceeded by the ob-
served incidence of aphasia following
unilateral brain injury, then that model of
hemispheric speech would have to be re-
jected. By contrast, if the EUL value is
lower, that model would have to be ac-
cepted until the best fitting model was
found (/2).

Table 2 presents an example of the
model for 100 hypothetical RH persons
in which the probability (rows) of left-
sided speech is empirically estimated at
.96 and the probability of right-sided

speech at .04 (/7). In addition, lesion
side is hypothesized to be random in na-
ture such that half of the injuries are on
the left and half on the right (columns). If
aphasia is assumed to invariantly follow
injury to the dominant speech hemi-
sphere, the EUL of aphasia in this model
would be 48 (after left-sided damage)
plus 2 (after right-sided damage) = 50
percent (50 of 100). This EUL value (50
percent) is compatible with the observed
incidence of aphasia reported for the RH
[mean (X) = 35 percent] but not the LH
(X = 60 percent). (The observed fre-
quency will always be lower than the
EUL value because lesions to the domi-
nant hemisphere in the state of nature do
not always encroach upon the speech
areas.) In fact, the probability of acquir-
ing aphasia after unilateral injury to the
dominant speech hemisphere in the RH
across studies was only .70 (observed/
EUL = 35 percent/50 percent).

The task is now to find that speech-
brain model which best fits the observed
incidence of aphasia in the LH across all
studies. On a priori grounds, such a mod-
el would have to include at least some
proportion of bilateral hemispheric
speech in order to account for the fact
that the observed rate (60 percent) ex-

Table 1. Observed incidence of aphasia in the left-handed in relation to the side of the lesion.

Proportions are shown in parentheses.

Study Left side Right side Total
T Cases frequenqy
No. Refer- Aphasia No . Aphasia No . ofaphagla

ence aphasia aphasia (proportion)
1 17 8 4 (7 2 (.3 2 (1.0) 0 (0) 75
2 18 12 5 (8 1 (2) 6 (1.0) 0 (0) .9
3 19 20 5 (.5 5 (.9 5 (.5 5 (.5 .5
4 20 10 5(1.0) 0 (0) 4 (.8) 1 (.2) .9
5 21 9 6 (.9 1 (1) 2 (1.0) 0 (0) 9
6 22 14 7 (.6) 5 (4 0 (0) 2(1.0) .5
7 23 13 5 (.8 1 (.2 S (7 2 (.3) .8
8 5 33 13 (.7) 5 (.3) 1 (1) 14 (.9 4
9 24 63 11 (4 19 (.6) 8 (.3) 25 (.7 3
10 3 58 28 20 .8
11 9 59 27 (.7 10 (.3) 13 (.6) 9 (.4 7
12 25 14 2 (.5 2 (.5 3 (.3) 7 (7 4
Table 2. Unilateral model. Expected in- Table 3. Bilateral and variable unilateral mod-

cidence of aphasia (upper limit) among the
RH where speech hemisphere is left (96 per-
cent) and right (4 percent) and lesion side is
random. The expected incidence (upper limit)
of aphasia = (48 + 2)/100 = 50 percent.

el (best-fitting model). Expected upper and
likely incidence of aphasia among the LH
where speech hemisphere is left (15 percent),
right (15 percent), bilateral (70 percent), and
lesion side is asymmetric.

Lesion Speech Lesion hemisphere
Speech hemisphere . ————  Total
hemisphere Total  hemisphere Left Right
Left Right
— Left 8.40% 6.60 15
Left 48* 48 96 Right 8.40 6.60* 15
Right 2 2% 4 Bilateral 39.20* 30.80* 70
Total 50 50 100 Total 56.00 44.00 100
*Aphasia. *Aphasia.
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ceeded the maximal EUL value of 50
percent for right-handers. In another re-
port (/2), the only model not rejected by
the observed data was one that postulat-
ed the existence of three types of hemi-
spheric speech organization in the LH in
the general population: (i) a unilateral
left-sided group (P = .40), (ii) a unilater-
al right-sided group (P = .20), and (iii) a
bilateral group (P = .40). The maximal
EUL of aphasia predicted by this model
was 70 percent, which is above the ob-
served value of 60 percent and therefore
acceptable as a tentative approximation.
There are, however, two major problems
with this approach. (i) Each of the hypo-
thetical speech-brain models was tested
against data in which lesion side was not
random, but favored the left side (56 per-
cent versus 44 percent) (Table 1). (ii)
Conclusions based on a test of the mod-
els were confined to either acceptance or
rejection and not to a determination of
the best-fitting model. For example, if
two models generated EUL values high-
er than the observed data (failure to re-
ject), one would be unable to determine
which model provided the closer fit to
observed data. This problem could be
solved, in part, if one could estimate the
likelihood of acquired aphasia, given a
lesion to the hemisphere dominant for
speech in the LH. That value for the RH,
based on more than 2000 cases, was esti-
mated at P = .70 (/3). If this estimate
could be used for the LH, one would
multiply this value by the EUL value in
each cell in which lesion side and domi-
nant speech side intersected. This ad-
justed value, when summed, would gen-
erate the expected likelihood of aphasia
for each model.

Table 3 presents the speech-brain
model that best fits the observed data of
Table 1. This model has been adjusted
for lesion asymmetries in the observed
data as well as for a determination of the
expected likelihood of aphasia. The EUL
value was 85 percent [2(8.40 + 6.60 +
39.20 + 30.80)/100], and the expected
likelihood value was 60 percent {Z[.7(8.40)
+ .7(6.60) + .7(39.20) + .7(30.80)]/100}.
The expected likelihood of aphasia in this
model is identical to the overall mean
observed frequency of aphasia across
studies. This model reveals three differ-
ent types of cortical speech organiza-
tion in the LH: (i) a unilateral left-sided
group (P = .15), (ii) a unilateral right-
sided group (P = .15), and (iii) a bilateral
group (P = .70).

This more complex model of unilateral
and bilateral speech is at variance with
those positions which hypothesize a uni-
tary representation of speech in the LH,
either unilateral (5) or bilateral 2, 3).
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The model is also at variance with those
currently popular positions which hy-
pothesize a variable unilateral (left- or
right-sided) representation of speech in
the LH (6-8). This type of position
would generate an EUL value identical
to that of the RH (50 percent), which
would not account for the raised in-
cidence of aphasia reported for the LH
(14). The results demonstrate that this in-
creased incidence could be produced on-
ly by an increase in the number of the
LH who, because of an incomplete func-
tional lateralization of speech (bilateral),
are more sensitive to the effects of an
acute unilateral brain lesion. The model
would also help explain clinical reports
of a raised incidence of aphasia in the
LH after injury to the left hemisphere
(5). Approximately 85 percent of them
would be expected to have at least par-
tial representation of speech in the left
hemisphere.

This model would also be compatible
with studies that have reported a more
dramatic remission of aphasia in the LH
following unilateral brain injury (7, 4). If
the majority of the LH (approximately 70
percent) have bilateral representation of
speech, this atypical organization would
spare them from the more severe and
prolonged effects of a unilateral lesion
that would be seen in an RH person
whose speech mechanisms are more lat-
erally differentiated (/5). Would the re-
covery course in those LH (approxi-
mately 30 percent) who are predicted
(Table 3) to have a more variable unilat-
eral representation of speech (left- or
right-sided) be similar to that of RH pa-
tients? Recent evidence linking familial
left-handedness (in sinistrals) to bilateral
cortical speech (/6) provides one ap-
proach, albeit indirect, to these ques-
tions.

One final caution should be noted.
This model of cortical speech organiza-
tion in the LH represents merely the best
fit with the observed data on the frequen-
cy of aphasia after unilateral injury to the
brain. Although these studies comprise
all of the known reports between 1935
and 1978, they represent only one of sev-
eral inferential approaches to speech-
brain asymmetry in the LH. It is, how-
ever, one approach that lends itself to
more quantitative inferential test.

PauL Sarz
Department of Clinical Psychology,
University of Florida, Gainesville 32610
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Enduring Changes in Dopamine Receptor Cells of Pups

from Drug Administration to Pregnant and Nursing Rats

Abstract. A decrease in specific [*Hlspiroperidol binding to rat caudate tissue and
a parallel decrease in sensitivity to apomorphine in eliciting stereotyped behavior
was observed in the offspring of rat mothers treated with either haloperidol or o-
methyl-p-tyrosine-methyl ester during pregnancy. In contrast, evidence of increased
dopamine-receptor sensitivity was observed in the pups if haloperidol was adminis-
tered to their mothers postpartum during nursing rather than during pregnancy.

Although mechanisms for the storage
and synthesis of dopamine are present at
a very early stage of ontogeny (/-3),
dopamine-containing neurons gradually
develop their functions during fetal life
and the first 4 weeks of postnatal life (¢).
The activity of tyrosine hydroxylase, the
concentration of dopamine, and the ac-
tivity of dopamine-stimulated adenylate
cyclase in the striatum at birth, represent
only 20 percent of adult levels for these
neurochemical markers of dopaminergic
activity, which achieve adult levels at
the age of 3 to 4 weeks of postnatal life
2, 5). Cell bodies for dopaminergic neu-
rons are extrinsic to the striatum, and
changes in their neurochemistry reflect
an ingrowth, proliferation, and develop-
ment of terminals (/). The fetal and early
postnatal periods in rats may, therefore,
be vulnerable stages in the functional
maturation of the central dopaminergic
system (6-8). In the study described here
we demonstrated that certain drugs, ad-
ministered during these two periods re-
lated to the maturation of dopaminergic
mechanisms, have pronounced pro-
longed effects on central dopamine re-
ceptors and on the response to a dopami-
nergic agonist.

To test the prenatal effects of drugs,
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we injected pregnant female Wistar rats
intraperitoneally with either haloperidol
(2.5 mg/kg-day) (6), a-methyl-p-tyrosine-
methyl ester (a-MT) (50 mg/kg-day) (9),
or saline. The injections were given for
16 days, beginning on day 4 or 5 after
conception. No rat mother died during
the treatment and none appeared to be ill
or suffering from an adverse reaction.
These doses of haloperidol and o-MT
produced no apparent sedation, nor did
they interfere with eating or drinking.
Each pregnant rat was placed in a sepa-
rate cage 4 to 5 days before she was ex-
pected to give birth. Within 12 hours af-
ter birth runts were discarded and all lit-
ters culled to ten pups. All pups were
weighed at 1 week of age and weekly
thereafter until they were killed. Dopa-
mine receptor function was assessed in
the pups by measurement of specific
binding of [*H]spiroperidol in caudate
homogenate (/0) by a modification of the
method of Fields et al. (I1). The stereo-
typed behavioral response to apomor-
phine was assessed with a five-point
scale (/2), which was a modification of a
scale developed by Tarsy and Bald-
essarini (9). We also studied the effect of
haloperidol on pups whose mothers were
first allowed to give birth and then were
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