tions is difficult to assess because prefer-
ences of the extinct fauna such as dietary
habitats, are not known. Cuticle and
pollen analyses of the dung material of
the giant groundsloth in southern Patago-
nia, however, reveal links between vege-
tational shifts and shifts in dietary habits
of the extinct groundsloth (Fig. 2). Stud-
ies of the North American groundsloth
(21-24), on the other hand, indicate that
in the American Southwest, Nothrother-
iops shastaense was a browser on Xero-
phytic plants that were available before
and after its disappearance, indicating
that food resource problems did not
cause extinction.

Fifteen samples of dung of the Patago-
nian groundsloth have been dated from
Mylodon Cave (Table 1). To investigate
dietary habits and general environmental
conditions at the time that Mylodon lived
in southern Patagonia, cuticle remains
and pollen in nine of the samples were
analyzed. The data from cuticles (Fig. 2)
indicate that these animals were grazers,
not browsers, in contrast to their North
American counterpart. Their diet con-
sisted of 80 to 95 percent grasses, 5 to 20
percent sedges, and only traces of herba-
ceous taxa. The pollen data revealed a
much greater plant diversity than the
cuticle data, reflecting the general envi-
ronment as well as the diet (24). Even
though there is considerable variability
between the samples (percentage of pol-
len, pollen concentration, and number of
taxa), the major pollen types indicate
several  paleoenvironmental  trends
through time. Samples with dates prior
to 12,000 B.P. show higher percentages
and concentrations of Gramineae and
Compositae than the younger samples,
which show more Empetrum. The youn-
gest sample dated (10,832 = 400 B.P.)
and analyzed for pollen by Salmi (25)
shows pollen proportions that are quite
different from all the other samples, with
Compositae and herbaceous taxa domi-
nating and Gramineae low.

This sequence of changes in pollen is
similar to the vegetational changes dis-
cussed above (Table 2). In all records
there is an evident shift between 11,000
and 10,000 B.P. from a cold, mesic envi-
ronment to a more arid and warmer
environment. This change is expressed
as a shift from a species-poor grassland
to a species-rich shrubby grassland with
taxa characteristic for increased aridity.
These specific taxa are different at differ-
ent sites and include Acaena and Ber-
beris (La Mision), Empetrum, Berberis,
and Perezia (Mylodon Cave), and Ephe-
dra and Compositae (Fells Cave). The
environmental characteristics and con-
temporaneity of this shift in all records,
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including the dung material of the extinct
fauna, suggests a direct link between
vegetation change and dietary response
of the fauna.

In conclusion, I propose that the series
of paleoenvironmental changes in south-
ern Patagonia and Tierra del Fuego dur-
ing the time of faunal extinction directly
affected the food resources, both in area
and in character, and created a stress for
the animals that cannot be discounted in
extinctions. The additional stress of pa-
leoindian hunters might have been the
final blow that led to the extinction of
some of the already more decimated
beasts, while others such as the guanaco,
less specialized in its diet, returned even-
tually to roam the Patagonian lands
again.

VERA MARKGRAF
Institute of Arctic and Alpine Research,
University of Colorado, Boulder 80309
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A Sexually Dimorphic Nucleus in the Human Brain

Abstract. A sexually dimorphic cell group is described in the preoptic area of the
human hypothalamus. Morphometric analysis revealed that the volume of this
nucleus is 2.5 + 0.6 times (mean * standard error of the mean) as large in men as in
women, and contains 2.2 = 0.5 times as many cells. Between the ages of 10 and 93
years, the nucleus decreases greatly in volume and in cell number. Although no
function has yet been established for this nucleus, it is located within an area that is
essential for gonadotropin release and sexual behavior in other mammals.

The literature of the past century on
the possibility of morphological sex dif-
ferences in the human brain is a mixture
of scientific observations and cultural
bias, in which male and female ‘‘superi-
ority’’ were alternately contended (/, 2).
Until recently, however, Mall’s conclu-
sion that ‘‘each claim for specific [sex]
differences fails when carefully tested’’
(3, p. 27) held true with respect to the
human brain, apart from the sex differ-
ence in overall size of the brain (). A
few years ago a sex difference in the
shape of the corpus callosum was de-
scribed (¢), and recently the shape of the
suprachiasmatic nucleus (SCN) was
found to be sexually dimorphic (7). Yet,
to our knowledge, no sex difference in
cell number has been reported for any
human brain area. On the other hand,
since Raisman and Field (5) reported sex
differences in the synaptic organization
of the preoptic area in the rat, reports
pertaining to gender-linked differences in

many brain components throughout the
animal kingdom have increased (/). The
most conspicuous of these sex differ-
ences was described by Gorski et al.
within the rat brain (6), in the preoptic
area (POA). A cell group within this area
revealed such a clear cytoarchitectonic
sex difference that it could even be seen
with the naked eye in Nissl-stained sec-
tions. We have studied an analog of this
sexually dimorphic nucleus (SDN) of the
POA in the human brain. Morphometric
analysis demonstrates that the SDN-
POA is 2.5 = 0.6 times [mean * stan-
dard error of the mean (S.E.M.)] as large
in men as in women and contains
2.2 = 0.5 times as many cells.

Brains of 13 men and 18 women be-
tween 10 and 93 years of age were fixed,
generally for 1 month, in Formalin. Seri-
al coronal sections (6 pm) were taken
from the hypothalamus and stained with
thionin (7).

As has been reported for the rat (6),
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the SDN-POA was characterized by its
more intense staining, larger cell bodies,
and higher cell density than the rest of
the POA. The SDN-POA was located in
the medial POA, between the dorsolater-
al supraoptic nucleus and the rostral pole
of the paraventricular nucleus (Figs. 1
and 2). It was generally present in the
same sections that contained the supra-
chiasmatic nucleus, which had been
marked by antivasopressin (2, 8).

The rostrocaudal axis of the SDN-
POA and its maximum cross-sectional
surface were measured to describe the
shape and to calculate SDN-POA vol-
ume (9). In addition, cell density was
measured (/0), which, in combination
with SDN-POA volume, allowed for cal-
culation of total SDN-POA cell numbers.
The SDN-POA measurements were per-
formed on the same side of the brain and
in the same subjects as the earlier supra-
chiasmatic nucleus measurements (I, 8).

The SDN-POA volumes were, respec-

tively, 22 =*06, 2.0=+0.6, and
3.3 = 1.3 times as large in men as in
women in the three age groups (Table 1)
(11, 12). Total cell number was, respec-
tively, 1.74 = 0.36, 1.96 *+ 0.62, and
2.75 = 0.79 times as large in men as in
women (Figs. 2 and 3) (/1). Also when
SDN-POA volume was expressed as a
ratio to brain weight, the values were
significantly larger in men (131.3 =
18.8 X 107 mm’g) than in women
(63.5 = 9.8 x 10°® mm?g) (1I). The
maximum cross-sectional area through
the SDN-POA was 2.1 = 0.4 times as
large in men as in women (/7). The SDN-
POA attained its maximum cross-sec-
tional area 300 pm caudal to the section
containing the maximum area of the
SCN in women and 500 pm caudal in
men. The values of the Alzheimer’s pa-
tients were commensurate with their
ages and have therefore been included in
the study.

In both sexes SDN-POA volume (in

Fig. 1 (top left). Topography of the human hypothalamus. Abbreviations: AC, anterior

commissure; CF, commissural fibers of the suprachiasmatic nucleus; I, infundibulum; LV,
lateral ventricle; OC, optic chiasm; RO, recessus opticus; OVLT, organum vasculosum of the
lamina terminalis; PVN, paraventricular nucleus; S, septum; SDN, sexually dimorphic nucleus
of the POA; SCN, suprachiasmatic nucleus; SON, dorsolateral supraoptic nucleus; III, third

ventricle.

Fig. 2 (bottom left). Thionin-stained frontal sections (6 wm) of the hypothalamus

of (A) a 28-year-old man and (B) a 10-year-old girl. Arrows show the extent of the SDN. Fig.
3 (right). (A) Volume and (B) cell number of the human SDN-POA (means and S.E.M.’s).

Points represent individual values.
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men, to 43 = 17 percent; in women, to
29 * 7 percent), cell number (to 46 = 13
percent and 29 * 6 percent), and maxi-
mum cross-sectional area (to 49 = 10
percent and 52 *+ 9 percent) decreased
with advancing age (Fig. 3 and Table 1)
un.

Sex differences in the size of the SDN-
POA in the rat are independent of sex
hormonal treatment in adulthood (13).
Our series included the brain of a 46-
year-old woman who had been virilized
by a tumor of the adrenal cortex (7). Her
SDN-POA measurements were similar
to the other female values, which is in
agreement with Gorski’s data on the rat
(13). In our series no information is avail-
able with respect to still another SDN-
POA property described in the rat—the
reversibility of sexual dimorphism by
hormonal manipulation in earlier devel-
opment.

The differences with respect to age
and sex are unlike those observed for the

°

0.57

0351 A o
0.30
0.25 |

0.20 +

Volume (mm3)

0.156 |

70{3
60
50

40} +

30 |, .

Cell number (x103)
] '

10}

s 9 s 9 g 9

10 to 40 41 to 70 71 to 100
Age (years)

13
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Loss of M2 Muscarine Receptors in the Cerebral Cortex in

Alzheimer’s Disease and Experimental Cholinergic Denervation

Abstract. Cerebral cortex samples from patients with Alzheimer’s disease and
from rats after experimental cholinergic denervation of the cerebral cortex exhibited
reductions in the presynaptic marker choline acetyltransferase activity and in the
number of M2 muscarine receptors, with no change in the number of M1 receptors.
These results are in keeping with evidence that M2 receptors function in cholinergic
nerve terminals to regulate the release of acetylcholine, whereas M1 receptors are
located on postsynaptic cells and facilitate cellular excitation. New MI-selective
agonists and M2-selective antagonists directed at post- or presynaptic sites deserve
consideration as potential agents for the treatment of the disease.

Large reductions in choline acetyl-
transferase (CAT) activity are found in
postmortem samples from the cerebral
cortices of patients with senile dementia
of the Alzheimer’s type (SDAT) (I-5).
Cortical cholinergic deficits result from
the degeneration of cell bodies located in
the nucleus basalis of Meynert (6). How-
ever, all but two (7, 8) of many studies
have indicated no change in the numbers
of receptors for acetylcholine (‘‘musca-
rine”’ receptors) in samples of SDAT
cerebral cortex and hippocampus (9-11).
The absence of major changes in the
number of receptors has been taken as
evidence that muscarine receptors are
located postsynaptically. We have reex-
amined this situation because of evi-
dence that there are two basic subtypes
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Fig. 1. Changes in CAT activity and in the
total number of muscarine receptors in corti-
cal samples from patients with SDAT (filled
bars) as compared with controls (open bars).
The numbers in parentheses are the numbers
of tissue samples assayed as described in the
text. Data are expressed per gram of wet
tissue weight, and values are means * the
standard errors of the mean. Statistical signifi-
cance of the differences was judged by Stu-
dent’s t-test: *P < 0.05; **P < 0.001.

of muscarine receptors in the brain, M1
and M2 (/2), and that the M2 receptors
may function primarily to regulate the
release of acetylcholine from cholinergic
nerve terminals (/3). We report that M2
receptors are lost in advanced SDAT and
are diminished (in proportion to the re-
duction of CAT activity) after experi-
mental cholinergic denervation of the
cerebral cortex in rats. The number and
affinity of postsynaptic M1 receptors re-
main unchanged.

Brain tissue was obtained from de-
ceased persons with and without SDAT
and from rats with nucleus basalis le-
sions (I4). Frontal and infratemporal
cortical samples were obtained at autop-
sy from neurologically normal individ-
uals (mean age, 71 years) and patients
with SDAT (mean age, 74 years) within
12 hours of death (mean delay, 8 hours).
One SDAT patient had been receiving
low doses of phenobarbital, and two
SDAT patients had received Thorazine;
except for those, none of the patients
had been receiving drugs that affect the
central nervous system. Phenobarbital
and Thorazine are not known to affect
muscarine receptors or CAT activity.
The diagnosis of SDAT was made histo-
logically on the basis of the widespread
distribution of neurofibrillary tangles and
neuritic plaques. No brain showed other
significant neuropathology. For the ani-
mal experiments, male Sprague-Dawley
rats weighing 200 g each were injected
with 10 pg of ibotenic acid unilaterally
into the ventral and medial aspects of the
globus pallidus 72 hours before neuro-
chemical assays of the frontoparietal
cortex.

CAT activity was estimated by the
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