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The guinea pig exhibits sexually dimorphic patterns of cell 
density and distribution throughout the medial preoptic area, 
a region that has been shown to be involved in the regulation 
of sexually differentiated behavioral and endocrinological 
reproductive functions (Bleier et al., 1982). The most prom- 
inent sex differences involve 2 components of the medial 
preoptic nucleus (MPN), an anteriorly placed compact sub- 
nucleus (MPNa) that is twice as large in females as in males, 
and a centrally placed compact subnucleus that occupies 
an approximately l&fold greater volume in males than in 
females and corresponds to the sexually dimorphic nucleus 
described in the rat by Gorski et al. (1978). In the present 
study the sex differences in both of these cell groups were 
shown to be unaffected by neonatal gonadectomy and post- 
natal hormonal manipulations. In contrast, MPNa volume was 
significantly decreased and MPNc volume significantly in- 
creased in genotypic females exposed to testosterone pro- 
pionate (TP) on gestational days 28-37 or 28-85 but not 38- 
65. All 3 prenatal TP treatments administered to females 
significantly increased mounting frequencies and sup- 
pressed lordosis, ovulation, and the positive-feedback ef- 
fects of estrogen and progesterone on luteinizing hormone 
release. Thus, the volumetric sex differences in MPNa and 
MPNc alone do not seem to be sufficient to account for the 
sex differences in the functions of the medial preoptic re- 
gion. It is, therefore, suggested that androgens continue to 
exert organizational influences upon the developing brain 
after cytoarchitectonic patterns have been determined. 

During the past decade and a half, neuroanatomical sexual di- 
morphisms of various types have been described in the medial 
preoptic-anterior hypothalamic region (MPAH) of several lab- 
oratory rodents. The significance of these findings lies in the fact 
that the MPAH participates in the regulation of a number of 
behavioral and neuroendocrinological functions that, in rodents, 
become sexually differentiated in response to sex differences in 
exposure to androgens or their metabolites in early develop- 
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ment. The neuroanatomical sex differences are, therefore, thought 
to be the signature of the organizational action of androgens on 
sexually differentiated brain functions. Electron microscopic 
studies have revealed sex differences in the synaptic organization 
of the strial portion of the preoptic area of the rat (Raisman and 
Field, 1973) and in Golgi-stained material sex differences in 
dendritic branching patterns have been described in the preoptic 
area of the hamster (Greenough et al., 1977) and rat (Meyers 
and Gordon, 1982). Also in the rat, electrophysiological studies 
have demonstrated sex differences in the convergence of syn- 
aptic inputs to the preoptic area and anterior hypothalamus 
(Dyer et al., 1976). In addition to these subtle sexual dimor- 
phisms, conspicuous sexual dimorphisms have been described 
in the cytoarchitecture of nuclei within the MPAH of the rat, 
hamster, mouse, gerbil, ferret, and guinea pig (Gorski et al., 
1978, 1980; Bleier et al., 1982; Commins and Yahr, 1984a; 
Hines et al., 1985; Tobet et al., 1986). 

The sexually dimorphic nuclei within the MPAH bind high 
levels of gonadal steroids during the period within which ste- 
roidal manipulations influence the sexual differentiation of brain 
function (Sar and Stumpf, 1975a, b; Sheridan et al., 1975; Vito 
et al., 1979) and several of the dimorphisms have been shown 
to develop in response to sex differences in steroidal exposure 
during this same period (Raisman and Field, 1973; Greenough 
et al., 1977; Gorski et al., 1978). The sexual dimorphism in the 
gerbil brain, however, has been shown to be influenced by cir- 
culating steroids in adulthood (Commins and Yahr, 1984a, b). 

In a previous report we described a complex of cytoarchitec- 
tonic sex differences within the MPAH of the guinea pig (Bleier 
et al., 1982). Because the dimorphisms involved the boundaries 
and cellular groupings within the entire region, we called the 
dimorphic region the “sexually dimorphic medial preoptic-an- 
terior hypothalamic continuum.” The most prominent dimor- 
phisms involve an anterior portion of the continuum that we 
called the medial preoptic nucleus (MPN) and a more posteriorly 
situated portion that we called the anterior hypothalamic nu- 
cleus (AH). The MPN was described as being more prominent 
in females than males, while AH in the male was reported to 
contain a dorsally placed subgroup of increased density corre- 
sponding to the sexually dimorphic nucleus of the preoptic area 
(SDN-POA) in the rat described by Gorski et al. (1978). In 
contrast, AH in the female was reported to be almost uniformly 
cellular throughout. In the present study we describe the quan- 
titative parameters of the cytoarchitectonic sexual dimorphisms 
involving these nuclei and the nature of their hormonal depen- 
dence. The guinea pig was chosen for these studies because it 
may provide a better model than other rodents of particular 
developmental and neuroendocrine processes in primates. Un- 
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like other laboratory rodents, the major events of its sexual 
differentiation occur prenatally as in the primate, and in some 
ways it is more similar to the primate with respect to the or- 
ganization and function of the hypothalamic-pituitary-gonadal 
axis. Specifically, unlike the rat, its ovarian cycle includes a true 
luteal phase and its medial basal hypothalamus is capable of 
supporting ovarian cyclicity following complete deafferentation 
(Butler and Donovan, 1970; Terasawa and Wiegand, 1977; Te- 
rasawa et al., 1984). 

In light of the troublesome differences that have arisen in- 
volving the naming of medial preoptic cell groups, some com- 
ments on nomenclature are in order. In our interpretation the 
nuclei that we have previously referred to as MPN and AH were 
designated, respectively, as medial preoptic nuclei b and a by 
Gurdjian (1927). It should be noted that there are several am- 
biguities or contradictions in Gurdjian’s description of the me- 
dial preoptic area and that nuclei a and b are not labeled in his 
illustrations. Because Gurdjian (pp. 79, 8 1) relied on the plane 
of the cephalic extreme of the nucleus ovoidus (suprachiasmatic 
nucleus) to delineate the cell group labeled “medial preoptic 
nucleus” in his figure 1 from the posterior continuation of that 
same cell group labeled “anterior hypothalamic nucleus” in his 
figure 2, he arbitrarily assigned 2 names to the rostra1 and caudal 
portions of a single cytoarchitectonic configuration. For this 
reason we have previously referred to that configuration as the 
anterior hypothalamic nucleus and retained the designation of 
medialpreoptic nucleus for what according to our interpretation 
is the more rostrally placed medial preoptic nucleus b of Gurd- 
jian. Following the nomenclature of Konig and Klippel (1963), 
which also attempts to follow Gurdjian, most authors have re- 
ferred to the entire medial preoptic area (MPA), including Gurd- 
jian’s medial preoptic nucleus a (our AH), as the medial preoptic 
nucleus. 

In an attempt to avoid the ambiguities that have arisen from 
differences in the interpretation of Gurdjian’s work, we have 
altered our nomenclature as follows: MPN and AH of the pre- 
vious study together with the transitional zone between them 
are considered to constitute the medial preoptic nucleus (MPN), 
and we will refer to the MPN ofthe previous study as the anterior 
compact subnucleus (MPNa). The cell group corresponding to 
the SDN-POA of Gorski et al. will be referred to as the central 
compact subnucleus (MPNc), and the more moderately cellular 
portions of the MPN will be referred to as the principal part of 
the nucleus (MPNp). These changes follow the recommenda- 
tions of S. J. Wiegand, X. E. Watson, and G. E. Hoffman (per- 
sonal communication) based on their recent detailed immu- 
nohistochemical mapping studies. While their findings are 
compatible with our previous parcellation of the “medial preop- 
tic-anterior hypothalamic continuum” and our concepts re- 
garding the organization of this continuum as a “sexually di- 
morphic nuclear complex” (Bleier et al., 1982) they prefer to 
extend the region designated as the medial preoptic area so that 
it includes all of the involved nuclei. The schema of Wiegand 
et al. has the advantage of retaining our scheme of parcellation 
while making the nomenclature more compatible with that in 
common usage and that adopted by Paxinos and Watson (1986) 
in the second edition of their stereotaxic atlas of the rat brain. 
Our previous nomenclature is compared with that of the present 
study in Figure 1. It should also be noted that the MPNa of the 
present study has been referred to as the anteroventral periven- 
tricular nucleus in 2 recent studies involving rats (Simerly et al., 
1985a, b). 
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Figure 1. Comparison of our previous with our present nomenclature. 
Our nrevious nomenclature is indicated on the left side of each illus- 
tratidn and our present nomenclature is indicated on the right. A (Fe- 
male) and B (Male) are through the anterior portion of the medial 
preoptic area corresponding to the third section from the left in Figure 
2. C (Female) and D (Male) are from a more posterior level correspond- 
ing to the seventh section from the left in Figure 2. Abbreviations: AC, 
anterior commissure; AH, anterior hypothalamic nucleus; MPN, medial 
preoptic nucleus; MPNu, anterior compact subnucleus; MPNc, central 
compact subnucleus; MPNp, principal portion of medial preoptic nu- 
cleus; OC, optic chiasm; LT, lamina terminalis; Pep, preventricular 
periventricular nucleus; SDN, sexually dimorphic nucleus; SON, su- 
praoptic nucleus. 

Materials and Methods 
Adult albino guinea pigs of Hartley Stock, bred and reared in our animal 
facility, were used in this study. Breeding females were placed in the 
home-cage of a stud male on the evening following the vaginal opening 
of each estrous cycle and removed the followina morning, at which time 
a vaginal smear was taken by lavage. Pregnaniies were timed, with the 
day of a sperm-positive smear designated as day 0. The progeny were 
divided among the following 7 treatment groups: 

Group 1. Gonadally intact males and females that received no treat- 
ment. This group was for assessment of the dimorphisms in normal 
adult animals. 

Group 2. Neonatallv aonadectomized males and females. This group 
was for assessment oi the postnatal hormonal dependence of the di- 
morohisms. Neonatal eonadectomies were done l-2 weeks after birth 
since plasma testosteroie in guinea nins is nondetectable or present only 
in trace amounts prior to 1 <d of age-(Resko, 1970). 

Grow 3. Females that were eonadectomized neonatally and injected 
with 0. i mg testosterone prop&ate (TP) per day for 30 d immediately 
prior to sacrifice in adulthood. This postnatal TP treatment has been 
reported to significantly increase mounting frequencies in gonadecto- 
mized female guinea pigs (Goldfoot and Van Der WerfTen Bosch, 1975) 
and was given for assessment of the effects of postnatal androgen ex- 
posure on the dimorphisms. The females that received this treatment 
are designated as postnatal TP-females. 

Group 4. Vehicle control males and females. The mothers of these 
animals received corn oil (0.1 ml) injections on gestational days 28-65. 

Grow 5 (E28-65 females). Females exnosed to TP on embryonic (E) 
days 28-65 by injecting their mothers with the hormone on the cor- 
responding days of pregnancy. 

Group 6 (E28-37 females). Females whose mothers received TP on 
gestational days 28-37. 
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Figure 2. Alternate 30-pm-thick sections through the MPN of a vehicle control female (top) and male (bottom) guinea pig. The most rostra1 section 
is at left, The arrows indicate the position of MPNa anteroventrally and MPNc more posterodorsally. An MPNc was not seen in this female. The 
MPNa volumes of these specimens are 20.72 mm3 x lo-’ (female) and 4.35 mm3 x lo-) (male). The volume of MPNc in the male is 24.10 
mm3 x lo-‘. Within the MPN, cells appear to be concentrated more anteroventromedially in the female than in the male. 

Group 7 (E38-65 females). Females whose mothers received TP on 
gestational days 38-65. 

In each prenatal treatment regimen, the pregnant animals received 5 
mg TP/d for the first 10 d of treatment and 1 mg on the remaining days. 
The TP in each injection was dissolved in 0.1 ml corn oil. Groups S- 
7 were designed to assess the prenatal androgen dependence of the sexual 
dimorphisms following TP exposure according to one of 3 different 
treatment regimens, each of which was anticipated to have different 
functional consequences on the basis of previously published reports 
(Goy et al., 1964; Brown-Grant and Sherwood, 1971). The animals in 
groups 4-7 were gonadectomized at 4-6 months of age and were there- 
after, until the time of sacrifice, given estradiol benzoate (EB) or se- 
quential EB and progesterone injections biweekly in order to test the 
effects of these hormones on reproductive behaviors and luteinizing 
hormone (LH) release. The prenatal vehicle control group (group 4) was 
therefore required in the event that postnatal administration of EB and 
progesterone influenced the dimorphisms. As this was not the case (see 
Results), data from groups 1, 2, and 4 were pooled to provide male and 
female controls with which to compare data from the prenatally an- 
drogenized females. The behavioral and LH data will be reported sep- 
arately. The animals in groups 4-7 were sacrificed 2 weeks after their 
last postnatal hormone injection (approximately 3 months after gonad- 
ectomy). 

Histology. All subjects were sacrificed at 7-9 months of age by an 
overdose of sodium pentobarbital. The brains were removed and sus- 

pended in 10% neutral formalin for 3 weeks. After fixation, the brains 
were weighed, dehydrated in graded alcohols, embedded in celloidin, 
sectioned serially at 30 pm in a coronal plane approximating that of 
Paxinos and Watson (1986) and stained with thionin. Slides were coded 
so the sex and treatment of the preparations were not known to the 
investigators. 

Quantitative cytoarchitectonic measurements. The brains of 50 ani- 
mals were analyzed in this study: 5 brains of each sex from groups 1, 
2, and 4; and 5 female brains only from groups 3, 5-7. Serial sections 
through the medial preoptic area were examined with a Leitz microscope 
fitted with a 2.5 x objective and a drawing tube attachment with a 10 x 
ocular. With the aid of the drawing tube, the boundaries of the MPNa 
and the MPNc were traced onto paper at a magnification of 60 x Both 
nuclei were traced bilaterally by each of the investigators, who worked 
independently. The nuclear boundaries were then relayed from these 
tracings to a Harris (Datacraft) 6024 computer by the use of a TYLOS 
Cybergraphic Tablet. A package of computer programs, Cell Analysis 
Package (CAP), developed at our computer facility was then used to 
calculate the volumes of MPNa and MPNc. Neither investigator’s mea- 
surements demonstrated a trend suggesting a left-right assymetry in the 
volume ofeither nucleus. Since the left and right volumes of each nucleus 
were virtually identical in all animals, the left and right volume mea- 
surements of each nucleus were averaged for each subject, and all anal- 
yses were carried out on these averages. 

Statistical analyses. Statistical analyses were carried out with the 
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Figure 3. Alternate 30-pm-thick sections through the MPN of a female guinea pig that received TP on gestational days 28-65. The arrow indicate 
the position of MPNa anteroventrally and MPNc posterodorsally. The volumes of MPNa and MPNc are 7.00 and 19.00 mm3 x lo-‘, respectively. 

Minitab (Ryan et al., 1976) statistical package and involved l- and 
2-way (sex x treatment) analysis of variance for overall comparisons 
and t tests for planned intergroup comparisons. The exact probability 
levels associated with each t test are reported as calculated by Minitab. 

Six separate statistical analyses were done: The measurements made 
by each investigator were analyzed independently and again after com- 
bining by averaging; these analyses were then repeated after dividing 
each volume measurement by the weight of the corresponding brain 
since analysis of variance indicated significant differences in brain weight 
among grows (F9,,, = 2.30, p < 0.05). As discussed under Results, 
independent analysis of the measurements made by the 2 investigators 
led to a different conclusion regarding the significance of only one com- 
parison, and this was also the only comparison to be affected by the 
compensation for differences in brain weight. Unless specifically stated 
otherwise, all values in the text refer to comparisons involving the 
averaged volume measurements by the 2 investigators. Data are re- 
ported as means * SEM. 

Results 
MPNa was found to occupy an approximately 2-fold greater 
volume in normal gonadally intact females than in normal go- 
nadally intact males (p = 0.009) while MPNc was found to be 
approximately lo-fold larger in normal gonadally intact males 
than in normal gonadally intact females (p = 0.004). Neither 
the postnatal hormonal manipulations employed in this study 
nor TP exposure of females on E38-65 significantly altered the 
sexually dimorphic nuclei. In contrast, MPNa volume was sig- 
nificantly decreased and MPNc volume significantly increased 
in females exposed to TP on E28-65 or E28-37. The medial 
preoptic sexual dimorphisms of vehicle control male and female 
guinea pigs and of a female exposed to TP on E28-65 are shown 
in Figures 2 and 3. All data are summarized in Tables 1 and 2. 

The anterior compact subnucleus (MPNa) 
Two-way (sex x treatment) analysis of variance carried out over 
groups 1,2, and 4 (the postnatal treatment groups that contained 
both sexes) revealed a significant effect of sex (F,,24 = 45.00, p < 
0.001) but no significant postnatal treatment effect and no sex 
x treatment interaction. The volume occupied by MPNa in the 

postnatal TP females did not differ significantly from that of 
the normal untreated adult females but was significantly larger 
than that of the neonatally gonadectomized adult males (p = 
0.021). Thus, none of the postnatal hormonal manipulations 
significantly affected MPNa volume (Table 1, Fig. 4). 

For comparisons involving prenatally androgenized females, 
data from the males in groups 1, 2, and 4 were pooled to serve 
as the control male reference, and data from the same female 
groups were pooled to provide the control female reference. 
MPNa was significantly larger in pooled control females than 
in pooled control males (p = 0.000). The volume of MPNa in 
E28-65 females and E28-37 females was significantly reduced 
compared to pooled female controls (p = 0.003 and 0.000, re- 
spectively) but did not differ significantly from pooled male 
controls. The volume of MPNa did not differ significantly be- 
tween E28-65 and E28-37 females or between E38-65 females 
and pooled female controls. The average MPNa volume in E38- 
65 females was approximately twice the average volume of E28- 
65 and E28-37 females; however, these differences did not reach 
statistical significance (p = 0.14 and p = 0.09 1, respectively). 
When analyzed independently, the measurements by the 2 in- 
vestigators led to different conclusions regarding the significance 
of the difference in MPNa volume between pooled control males 
and E38-65 females, and these conclusions were not altered by 
correcting measurements for brain weight. When the measure- 
ments of the 2 investigators were combined by averaging and 
divided by brain weight, the difference in MPNa volume be- 
tween these groups was significant (Table 2). The effects of the 
prenatal androgen treatments on the female MPNa are illus- 
trated in Figure 5. 

The central compact subnucleus (‘PNc) 

The sexual dimorphism in the MPNc, like that in MPNa, was 
found to depend upon prenatal rather than postnatal hormonal 
exposure. The same conclusions were reached in all comparisons 
involving the MPNc, regardless of whether the measurements 
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Figure 4. Persistence of the sexual dimorphism in MPNa volume de- 
spite postnatal hormonal manipulations. The vehicle control animals 
received vehicle injections prenatally, and the same postnatal EB and 
progesterone treatment regimen as the prenatally androgenized ani- 
mals. *p < 0.05; ** p < 0.01. Significantly less than corresponding 
female group. t Significantly different from normal male control, p c 
0.05. 

made by the 2 investigators were averaged or analyzed inde- 
pendently and of whether compensation was made for differ- 
ences in brain weight. Two-way (sex x treatment) analysis of 
variance carried out on MPNc volume over groups 1,2, and 4 
revealed a significant effect of sex (F,,,, = 117.24, p < 0.001) 
but no significant effect of postnatal treatment and no sex x 
treatment interaction (Table 1). The MPNc volume of postnatal 
TP females was significantly smaller than that of neonatally 
gonadectomized control males 0, = 0.002) but not significantly 
different from that of normal untreated adult females. Thus, the 
sexual dimorphism in the volume of the MPNc was not signif- 
icantly influenced by the postnatal hormonal manipulations em- 
ployed in this study. Of the 20 females examined that had not 
received prenatal TP, an MPNc was found in only 9. The in- 

Pooled Prenatally Androgenized 
Controls Females 

Qd E(28-65) E( 
E(28-371 

b 

3-65) 

Figure 5. Effect of prenatal TP treatments on MPNa volume in ge- 
notypic females. (N = 15 for each of the control groups and 5 for each 
of the androgenized groups.) a Significantly different from control fe- 
males 0, < 0.01). b Difference from control males approaches signifi- 
cance (p = 0.08). This difference became statistically significant (p = 
0.04) after dividing volumes by brain weights (see Table 2). 

cidence of the MPNc in nonandrogenized female brains is con- 
sidered in the Discussion. The average volume of the MPNc in 
those females in which it was identified was (2.06 k 0.30 x 
1O-3 mm3) and was significantly (p = 0.000) different from the 
average MPNc volume in pooled male controls (20.56 f 1.68 x 
10~~ mm3). The persistence of the sexual dimorphism in the 
MPNc despite postnatal hormonal manipulations is illustrated 
in Figure 6. 

For comparisons involving prenatally androgenized females, 
the data from groups 1, 2, and 4 were pooled to provide male 
and female controls (Table 2). The volume of the MPNc was 
significantly larger in E28-65 females and E28-37 females than 
in pooled control females (p = 0.013 and 0.001, respectively). 
The MPNc volume of E38-65 females did not differ significantly 
from that of pooled control females. E28-37 and E38-65 fe- 
males had significantly smaller MPNc volumes than the pooled 
control males (p = 0.0 13 and 0.000, respectively). The MPNc 

Table 1. Summary of experiments involving postnatal hormonal manipulations taking group 
differences in brain weight into account 

MPNa MPNc 
Brain weight MPNa volume volume/ MPNc volume volume/ 

Group N km) (mm3 x 10m3) brain weight (mm3 x 10-3) brain weight 

Normal adult 
Female 5 4.30 f  0.18 15.27 k 2.46“ 3.59 f  0.61a 0.93 t- 0.576 0.20 f  0.126 

Male 5 4.66 f  0.14 6.89 k 0.62 1.47 + 0.10 22.42 -t 3.55 4.76 t 6.10 
Neonatally gonadectomized 

Female 5 4.49 2 0.16 13.68 + 1.12b 3.04 f  0.176 1.26 k 0.54b 0.27 t 0.12b 

Male 5 4.65 +- 0.19 6.12 k 0.95 1.32 k 0.20 19.13 k 2.90 4.05 + 0.48 
Vehicle control 

Female 5 4.40 ? 0.06 16.95 k 2.45b 3.84 + 0.55b 1.02 rfr 0.65b 0.23 f  0.15b 

Male 5 4.38 k 0.23 5.99 + 1.25 1.38 t 0.29 20.14 + 2.67 4.58 t- 0.74 
Postnatal TP 

Female< 5 4.07 t l.lP 14.76 rt 2.70” 3.58 t 0.584 0.50 + 0.506 0.12 + 0.12” 

Data are expressed as means f  SEM. 
“p < 0.05. 
* p < 0.0 1. Significantly different from corresponding male group. 
C Neonatally gonadectomized males served as controls for these comparisons. 
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Figure 6. Persistence of sex difference in MPNc volume despite post- 
natal hormonal manipulations. The vehicle control animals received 
vehicle injections prenatally, and the same postnatal EB and proges- 
terone treatment regimen as the prenatally androgenized animals. * Sig- 
nificantly different from corresponding female group (p < 0.0 1). t Sig- 
nificantly different from normal male controls (p < 0.0 1). 

volume in E28-65 females, however, did not differ significantly 
from that of pooled control males. The effects of the prenatal 
TP treatments on the MPNc volume of genotypic female guinea 
pigs are illustrated graphically in Figure 7. 

Discussion 
Three conclusions can be drawn from the data presented here: 
(1) The hypothalamic sexual dimorphisms previously described 
qualitatively (Bleier et al., 1982) can be demonstrated quanti- 
tatively; (2) these sex differences have little, if any, dependence 
upon postnatal hormonal exposure; and (3) the sex differences 
have a prenatal androgen dependence. Each of these conclusions 
will be addressed in turn. 

Previously we reported that MPNa appeared to be more ex- 
tensive in the female than in the male guinea pig (Bleier et al., 
1982). This study confirms that report, finding the female’s nu- 
cleus to be approximately twice as large as the male’s. Our 
previous report described a cell group (here called the MPNc) 
corresponding to the SDN-POA of the rat in the male but not 
the female guinea pig. In females the entire medial region at the 
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Figure 7. Effect of prenatal TP treatments on MPNc volume in ge- 
notypic females. (N = 15 for each of the control groups and 5 for each 
of the androgenized groups.) a Significantly different from female control 
(p 5 0.01). c Significantly different from male control 0, 5 0.01). 

level at which the MPNc was seen in the male was described 
as being uniformly cellular, lacking the contrast in cell density 
that gave definition to the MPNc in the male. In the present 
study; however, an MPNc was found in the hypothalamus of 9 
out of 20 females that had not been treated with androgens 
prenatally. A recent report from another laboratory (Hines et 
al., 1985) also distinguished this cell group in the female guinea 
pig but apparently in all 16 females examined. In Nissl prepa- 
rations MPNc is defined solely on the basis of its increased 
density relative to its surround. Thus, the discrepancy in the 
incidence of the MPNc in female guinea pigs is most likely 
attributable to differences between laboratories in the precise 
tilt of the frontal planes of sectioning employed. Hines et al. 
used the plane of de Groot (1959), whereas the plane used in 
this study and that of Bleier et al. (1982) approximates the plane 
of Paxinos and Watson (1986), which differs from the de Groot 
plane by approximately 30”. When the de Groot plane transects 
the MPNc dorsally, it passes ventrally through an area of relative 
cell sparcity (the anterior hypothalamus overlying the supra- 
chiasmatic nucleus), enhancing the contrast in density that de- 
fines the MPNc more dorsally. In contrast, when our plane of 
sectioning passes through the region of the MPNc dorsally, the 
ventral portion ofthe plane lies within the densely cellular MPNp. 

Table 2. Summary of experiments involving prenatal hormonal manipulations taking group differences in brain weight into account 

Brain weight MPNa volume MPNa volume/ MPNc volume MPNc volume/ 
Group N (gm) (mm3 x 10-3) brain weight (mm3 x 10-3) brain weight 

Pooled control female 15 4.40 f 0.08 15.30 * 1.18c 3.49 + 0.03c 1.07 * 0.39c 0.22 Ik 0.09 

Pooled control male 15 4.56 t 0.11 6.33 + 0.53a 1.39 t 0.110 20.56 L 1.680 4.50 If 0.34 

E(28-65) female 5 4.33 + 0.24 7.63 k 1.50" 1.81 k 3.6@ 13.61 + 2.884 3.16 k 0.64e 

E(28-37) female 5 3.92 + 0.09n.c 6.85 k 1.030 1.74 + 0.25a 12.99 k 1.370,~ 3.34 * 0.394* 

E(38-65) female 5 4.06 + 0.14b 12.89 k 2.70 3.13 + 0.58b 4.12 k 1.2@ 1.05 * 0.34 

Data are expressed as means i SEM. 
y Significantly different from pooled control female, p <: 0.0 1. 

b Significantly different from pooled control male, p -C 0.05. 
c Significantly different from pooled control male, p < 0.0 1. 
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Thus, in the female guinea pig an ovoid configuration of in- 
creased density that resembles the MPNc of the male is more 
readily identifiable in the de Groot plane than in the plane of 
this study. In males, the MPNc is more robust and is easily 
identifiable in either plane. 

Neither the volume of the MPNa nor that of the MPNc was 
significantly affected by any of the postnatal hormonal manip- 
ulations employed in this study. Hines et al. (1985) also failed 
to detect significant postnatal hormonal effects on cytoarchitec- 
tonic hypothalamic sexual dimorphisms in the guinea pig. TP 
exposure on E28-65 or E28-37 but not E38-65 significantly 
decreased MPNa volume and increased MPNc volume in fe- 
male guinea pigs. Although statistically significant differences 
between E28-65 females and control males were not found, 
inspection of the photomicrographs of Figures 2 and 3 suggests 
that the hypothalamic cytoarchitecture of the E28-65 females 
was qualitatively different from that of control males. Further- 
more, inspection of our data suggests that the failure to find 
statistically significant differences between these 2 groups may 
be a Type II statistical error. Appropriately timed hormonal 
administration has been reported to completely masculinize the 
SDN-POA of female rats (Dohler et al., 1984). Thus, the most 
likely explanation for our failure to achieve complete cytoar- 
chitectonic masculinization is that our earliest TP treatments 
were initiated on E28, while the fetal guinea pig testes begin 
steroid synthesis at approximately E25. Sex differences in plas- 
ma testosterone levels are evident on E27, the earliest day in- 
vestigated in this regard (Buhl et al., 1979; Rigaudiere, 1979). 
E28 was chosen as the starting day for our treatments in order 
to test the correlation between the functional and cytoarchitec- 
tonic changes induced by androgens since E28-37 has been 
reported to include the periods of maximal susceptibility to the 
organizational actions of androgens on behavioral and endo- 
crinological reproductive functions regulated by the hypothal- 
amus (Goy et al., 1964; Brown-Grant and Sherwood, 197 1; Goy 
and McEwen, 1980). 

All 3 prenatal TP treatment regimens administered to females 
in this study significantly increased mounting frequencies and 
suppressed lordosis, ovulation, and the positive-feedback effects 
of estrogen and progesterone on LH release (Byne, 1985). In 
contrast, TP administration on E28-65 or E28-37 but not E38- 
65 had significant masculinizing effects on hypothalamic cy- 
toarchitecture and external genitalia. Thus, the period during 
which hypothalamic cytoarchitecture is organized by androgens 
corresponds closely to the period of sexual differentiation of the 
external genitalia and appears to be more restricted than the 
period during which hypothalamic functions are susceptible to 
androgenic organizational influences. Our results, therefore, sug- 
gest that the sex differences in hypothalamic cytoarchitecture 
alone are not sufficient to account for sex differences in hypo- 
thalamic functions. Sex differences in hypothalamic neuropil, 
hormone receptor mechanisms, and neurotransmitter systems 
are well documented in rodents, and we suggest that androgens 
may exert organizational influences on any or all of these sub- 
strates after cytoarchitectonic patterns have been determined 
(Raisman and Field, 1973; Cidlowski and Muldoon, 1976; Dyer 
et al., 1976; Greenough et al., 1977; Whalen and Olsen, 1978; 
Blaustein et al., 1980; Toran-Allerand et al., 1980; Watson et 
al., 1983; Commins and Yahr, 1984b, 1985; Hammer, 1984; 
Simerly et al., 1984, 1985a, b). In the rat, androgens exert their 
organizational effects upon hypothalamic structure after they 

are converted to estrogens through the process of aromatization 
(for review, see Goy and McEwen, 1980). Aromatization may 
also be required in the sexual differentiation of hypothalamic 
structure in the guinea pig since TP, an aromatizable androgen, 
was used in the present studies, and since prenatal exposure to 
diethylstilbestrol masculinizes the cytoarchitecture of the MPNc 
of female guinea pigs (M. Hines, personal communication). 

In our earlier report, we described a sexually dimorphic nu- 
clear complex that includes not only those subnuclei of the MPN 
described here, but also the anterior periventricular nucleus 
(Pea) and the bed nucleus of the stria terminalis (BNST). A 
volumetric sex difference in a component of the BNST has 
recently been described in the guinea pig by Hines et al. (1985). 
The sexually dimorphic nuclear complex forms a cellular con- 
tinuum extending through the medial preoptic area and dorsally 
into the BNST. It is characterized and distinguished from its 
surround not only by its greater cell density, but also by its 
density of cells with steroid hormone receptors (Sar and Stumpf, 
1975a, b; Sheridan et al., 1975; Stumpfet al., 1975; Warembourg, 
1977) and by its patterns of neurogenesis. In the guinea pig the 
sexually dimorphic nuclei are the last nuclei in the medial preop- 
tic region in which neuronal proliferation ceases, and they are 
the only nuclei in the region in which significant neuronal pro- 
liferation occurs after the onset of fetal gonadal activity (Byne 
et al., 1987). Thus, from the moment of their production, the 
developmental course of neurons destined for the sexually di- 
morphic nuclei may be influenced by sex differences in the levels 
of gonadal steroids. Connectional evidence reviewed by Hines 
et al. (1985) suggests that the sexually dimorphic nuclear com- 
plex of the MPA may be part of a larger functional and inter- 
connected neural network involving portions of the ventro- 
medial hypothalamus and amygdala that are also characterized 
by sexual dimorphism and a high density of steroid hormone 
receptors. 

Various lesion, hormonal implantation, and electrical stim- 
ulation studies have consistently implicated the MPA in the 
regulation of a number of sexually differentiated functions in 
rodents, including the expression of stereotypic mating behav- 
iors and the release of gonadotropins (for reviews, see Goy and 
McEwen, 1980; Terasawa and Davis, 1983). In the present study, 
however, there was only a poor association between the struc- 
tural and functional effects of TP on the hypothalamus. Fur- 
thermore, bilateral destruction of the MPNc has not been ob- 
served to disrupt any sexually differentiated function (Arendash 
and Gorski, 1983). There is, however, evidence that MPNa has 
a role in the initiation of ovulation in the rat (for review, see 
Terasawa and Davis, 1983) and guinea pig (Terasawa et al., 
1982). Further, severalfold more dopaminergic cell bodies and 
fibers have been found in the MPNa of female as compared to 
male.rats, suggesting that dopamine may participate in the reg- 
ulation of gonadotropin secretion at the level of this nucleus 
(Simerly et al., 1985a). 

In light of the temptation to extrapolate findings in rodents 
to other species, it should be noted that the hypothalami of 
rodents and primates do not appear to be similarly sexually 
differentiated (Gooren, 1986a, b; Norman and Spies, 1986). 
Although the functional significance of hypothalamic sexual di- 
morphisms in rodents cannot be automatically extrapolated to 
other species, such sex differences nevertheless provide powerful 
model systems for the study of hormonal influences on neural 
development, as well as for the study of the relationship between 
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neural structure and neural responses to complex environmental 
and hormonal stimuli. 
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