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Abstract

Freeze-fracture analysis of the rat hypothalamic paraventricular nucleus reveals a variety of
postsynaptic specializations distinguished both by particle size and by aggregate shape. One partic-
ular type of specialization is found only in replicas from females having born offspring. This suggests
that, in association with motherhood, either existing synaptic specializations are modified or a new

type of connection is formed.

Thin section analysis of the postsynaptic density in
the cerebral cortex of the rat (Peters and Kaiserman-
Abramof, 1969) and dog (Blomberg et al., 1978; Cohen et
al., 1977; Cohen and Siekevitz, 1978) has shown this
membrane specialization to be disk shaped, occasionally
containing one or more holes or “perforations.” Appli-
cation of freeze-fracture techniques to the study of the
postsynaptic specialization (PSS) reveals a cluster of
particles on the protoplasmic fracture face of dendrites
(Sandri et al., 1972). Where perforations in the postsyn-
aptic density are seen in thin sections, particle-free zones
in the particle aggregate are seen in freeze-fracture (Lan-
dis and Reese, 1974; Landis et al., 1974). Quantitative
analysis of the size and densities of particles, as well as
the presence or absence of particle-free zones, defines
morphologically distinct classes of PSSs. It has been
suggested that the different shapes of the PSSs represent
physiologically distinct synapses or perhaps different
structural forms of physiologically similar synapses (Lan-
dis and Reese, 1974). In fact, these differences may reflect
the age and experience of an animal (Greenough et al.,
1978).
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In order to test the variable aspects of PSS morphol-
ogy, we examined the synaptic connections of a system
lending itself to several types of physiological manipula-
tion. We report here that the synapses in the magnocel-
lular paraventricular nucleus of the hypothalamus dis-
play PSSs with centrally located particle-free zones (an-
nular PSSs) only in animals having been mothers at
some time. If paraventricular nuclei from males or virgin
females contain annular PSSs, their numbers are ex-
tremely low. Preliminary results of this study have been
reported elsewhere (Hatton and Ellisman, 1980).

Materials and Methods

Sprague-Dawley rats in the following categories were
prepared as described previously (Hatton and Ellisman,
1981): males, 80 to 100 days old, either normal or deprived
of water for 24 hr; lactating mothers, 80 to 100 days old;
retired female breeders, 300 to 350 days old; and virgin
females, 30 to 40, 80 to 100 (either normal or deprived of
water for 24 hr), and 150 to 200 days old. In brief, each
animal was anesthetized with pentobarbital and then
perfused with a Ringer’s solution followed by a paraform-
aldehyde/glutaraldehyde fixative. The magnocellular
portions of the paraventricular nuclei were cored under
a dissecting microscope from coronal slices approxi-
mately 750 pm thick. All tissues were glycerinated, frozen,
fractured, replicated, and examined under identical con-
ditions.

Examinations and PSS classification were made with-
out knowledge of group identification. Particle size mea-
surements were made on prints at X 100,000 with a X 10
magnifying lens (total magnification, X 1,000,000) con-
taining a reticule. PSS area was determined using a
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compensating polar planimeter (Keuffel & Esser model
62005). Statistical analyses were made using a Burroughs
7800 computer.

Results and Discussion

Particle aggregates representing PSSs were found in
all replicas examined (see Table I). The majority of the
aggregates, across hormonal groups, were of the irregular
cluster type (that is, containing no particle-free zones).
This type of aggregate was observed in all groups; how-
ever, an analysis of variance showed a significant differ-
ence in cluster number across groups (F(5, 60) = 5.43; p
< 0.05). Comparison of means using the Scheffe test, p
< 0.05, indicated that this difference is between male
versus female groups. Irregular “perforated” PSSs also
were noted in all cases, although they were always much
fewer in number than the cluster type. In addition, the
number of perforated PSSs, in contrast to the number of
cluster PSSs, did not differ significantly across hormonal
groups. Finally, in contrast to both perforated and cluster
type PSSs, annular PSSs (distinguished from the irreg-
ular perforated PSSs by their circular aggregate shape
and the central placement of the particle-free zones) were
not observed in all hormonal groups; only lactating moth-
ers and retired breeders showed the presence of this type
of PSS. This difference was significant as indicated by
an analysis of variance across groups (F(5, 60) = 26.24; p
< 0.01) and the Scheffe test, p < 0.05, comparing mothers
versus non-mothers. These annuli were noted on the
external fracture faces of both neuronal processes and
apparent cell somas.

Particle size analysis showed that, although the most
frequent particle size was the same across the three PSS
categories, the annular aggregates contained larger num-
bers of large diameter particles (see Fig. 1). This suggests
a different protein makeup for the annular PSS than for
PSSs of other shapes.

Finally, although the largest cluster type PSSs were as
large in area as the smaller perforated or annular PSSs,
an analysis of variance showed a difference across PSS
types with respect to diameter (F(2, 69) = 6.81; p < 0.01).
Post hoc comparison of means using the Newman-Keuls
test, p < 0.05, showed that this difference was due solely
to the significantly smaller area of the cluster type PSS:
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the diameter of cluster type PSSs differed significantly
from both that of the perforated and that of the annular
PSSs. Perforated and annular PSSs did not differ signifi-
cantly from each other, suggesting that the increased
area of the annular or perforated PSSs may be due to
the area contributed by the particle-free perforations.

Freeze-fracture studies of the olfactory bulb (Landis et
al,, 1974) and cerebellar cortex (Landis and Reese, 1974)
suggest that synapses which display PSSs as particle
aggregates are excitatory synapses, while inhibitory syn-
apses display no particle aggregates in the postsynaptic
membrane. If postsynaptic aggregates do represent excit-
atory synapses, then the annular PSSs within the female
paraventricular nucleus may identify a subset of excit-
atory synapses on those neurons. In fact, Carlin et al.
(1980) recently showed that postsynaptic densities iso-
lated from the cerebral cortex and midbrain of the dog,
morphologically identified as Gray type I (putative excit-
atory) synapses, are generally annular in arrangement.
As mentioned above, particle size analysis suggests that
the annular PSSs have a different macromolecular com-
position than do other PSSs within this nucleus and,
thus, may be associated with physiologically distinct
synapses. The presence of annular PSSs in the paraven-
tricular nuclei of retired female breeders also indicates
that, once these specializations are formed, the state of
having them persists past the immediate postpartum
period.

Different populations of magnocellular neurons in the
paraventricular nucleus synthesize the hormones vaso-
pressin (antidiuretic hormone) and oxytocin, the latter of
which plays an important role in lactation and parturi-
tion. To elucidate the role of the annular PSS in the
paraventricular nucleus further, replicas from osmoti-
cally stressed virgin females of breeding age were exam-
ined. No annular PSSs were noted in these replicas,
suggesting that diuretic stress is not related to the occur-
rence of these structures. Although circumstantial, this
negative finding stimulates us to speculate that, among
other possibilities, the annular PSSs are perhaps associ-
ated with oxytocin neurons. Determination of the molec-
ular function and cellular participants in this particular
synapse should provide new insight into the nature of
synaptic plasticity and sexual dimorphism.

TABLE 1
Number of PSSs per replica of paraventricular nucleus by hormonal group and by PSS type
Shown here are the means of the number of PSSs per replica of the paraventricular nucleus by hormonal group (sex, age, and parturitic
condition) and by PSS type. Each hormonal group is listed by condition and age in days; PSS types are listed with their respective mean square
area over all hormonal groups, and n represents the number of replicas examined for each hormonal group.

Group
PSS Type G1 G2 G3 G4 G5 G6
Mean Area Males Virgins Virgins Virgins Lactating Mothers Retired Breeders
80-100 d 30-40d 80-100 d 150-200 d 80-100 d 300-350 d
pm?

Cluster 1.71 11.46 7.92 7.77 8.89 11.00 10.78
Perforated 2.98 1.45 1.75 2.00 2,11 2.33 3.22
Annulus 3.17 0.00 0.00 0.00 0.00 1.17 1.11
n 11 12 13 9 12 9
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Figure 1. Synaptic types and particle sizes. Shown here are representative examples of the different classes of postsynaptic
specializations (PSSs) found in the freeze-fractured paraventricular nucleus of the female rat. Top, Cluster type PSS; middle,
irregular “perforated” PSS; bottom, annular PSS. The scale bar represents 0.2 um for all micrographs. Each inset represents a
histogram of the sizes of the particles from that type of PSS, showing the number of particles counted versus particle size in
Angstrom units. Each histogram is based on data from 360 particles randomly sampled from 18 PSSs in that particular class.
Particle diameters were taken to be equivalent to the width of the shadow immediately behind the particle as measured
perpendicular to the direction of platinum evaporation at a total magnification of X 1,000,000. Although the most frequently
occurring particle size is the same for all three classes, the annular PSSs contain larger numbers of large diameter particles,
suggesting a different molecular makeup for this type of PSS,
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