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ABSTRACT Our radioimmunoassay data reveal that ovariectomy for either 
one or two months resulted in a significant decrease in the GnRH content of 
the mouse basal hypothalamus, while in mice ovariectomized for two weeks 
the GnRH levels did not differ significantly from controls. Parallel immunocy- 
tochemical analyses gave similar results. Tissue sections from specific regions 
of the median eminence in intact and ovariectomized mice were immunola- 
beled for GnRH with the peroxidase-antiperoxidase procedure of Sternberger. 
Differences in area and average unit density of the reaction product were 
measured with a Quantimet 720 image analyzer. At two weeks after ovariec- 
tomy, a majority of matched sections from intact and ovariectomized animals, 
taken in each sampled region of the median eminence, showed no visually 
apparent difference in GnRH immunoreactivity. Quantitative image analysis 
of these preparations revealed no statistically significant difference in either 
the area of neural tissue covered by deposit or the average unit density of this 
material in any given region. In contrast, in mice ovariectomized for either 
one or two months, immunolabeled GnRH was decreased throughout the 
cephalo-caudal extent of the median eminence. In each region, a reduction in 
reaction deposit was observed over most of the area in which GnRH is localized, 
especially in the medial aspects of this distribution. Image analysis of these 
preparations revealed a significant reduction of both specimen area immuno- 
labeled for GnRH and the average unit density of reaction product in each 
region of the median eminence. While the decrease in density was uniform 
throughout the median eminence, the greatest reduction in area covered by 
deposit occurred in the infundibular region. 

The demonstration of a decrease in basal hypothalamic GnRH in the chroni- 
cally ovariectomized mouse suggests that GnRH neurosecretion is increased 
in response to the absence of the ovaries and supports the premise that tonic 
secretion of this neurohormone, in the mouse, may be subject to regulation by 
the gonads. At two weeks after ovariectomy, it is possible that changes in 
GnRH secretion occur without a concomitant alteration in hypothalamic hor- 
mone content. In addition, the quantitative immunocytochemical data suggest 
that GnRH neurons responsive to ovariectomy terminate throughout the ros- 
tro-caudal extent of the mouse median eminence, especially in the medial sites 
of localization. A proportionally greater number of these endings appear to be 
present within the infundibular region of the median eminence, relative to the 
other regions sampled. 
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in some species gonadal steroid hormones 
may act at a neural site to suppress this 
hypophysiotropic signal. In the rat, with- 
drawal of these steroids by gonadectomy re- 
sults in an increase in GnRH neurosecretion, 
as indicated by an increase in hypothalamic 
GnRH biosynthesis (Moguilevsky et al., 1975; 
Reichlin, 1976) and an elevation in the re- 
lease of this neurohormone into the portal 
plasma (Ben-Jonathan et al., 1973; Eskay et 
al., 1977; Sherwood and Fink, 1980). In addi- 
tion, several investigators, using radioimmu- 
noassay (RIA) techniques, have described a 
gonadectomy-induced decrease in the GnRH 
content of hypothalamic extracts from rats 
(Araki et al., 1975; Shin and Howitt, 1976; 
Wheaton and McCann, 1976; Chen et al., 
1977; Badger et al., 1978; Kobayashi et al., 
1978) and sheep (Wheaton, 1979); while im- 
munocytochemical (ICC) analyses have re- 
vealed a decrease in demonstrable hormone 
within axon terminals in the median emin- 
ence of the gonadectomized rat (Campbell 
and Ramaley, 1978; Kobayashi et al., 1978; 
Gross, 19801, mouse (Briski, 1979; Gross, 
1980), and sheep (Polkowska and Jutisz, 
1979). Both RIA and ICC studies have shown 
that replacement therapy with gonadal ste- 
roids results in a return of hypothalamic 
GnRH levels to control values (Shin and 
Howitt, 1976; Chen et al., 1977; Kobayashi 
et al., 1978; Gross, 1980). 

Since immunocytochemistry can identify 
GnRH-containing neurons in situ by specific 
labeling of intracellular hormone, this tech- 
nique can be used to demonstrate the termi- 
nal distribution of GnRH neurons that 
undergo a decrease in hormone content in 
response to gonadectomy. Of the few such 
analyses performed to date, some have been 
limited to only one region of the rat median 
eminence (Campbell and Ramaley, 1978; Ko- 
bayashi et al., 1978). More recent studies, 
however, have reported a decrease in im- 
munocytochemically demonstrable GnRH 
throughout the cephalo-caudal extent of this 
structure in both the rat (Gross, 1980) and 
mouse (Briski, 1979; Gross, 1980). In all of 
these previous studies, differences in immu- 
nostaining for GnRH were assessed only by 
visual comparison of the immunolabeled 
preparations. 

In the early phases of the present study, a 
slight normal variation in both the amount 
and distribution of labeled hormone was ob- 
served from animal to animal, with the re- 
sult that visual comparisons of immunocyto- 
chemical reaction products sometimes in- 
volved subtle decisions that were not partic- 

ularly evident to less experienced micro- 
scopists. In order to get away from this some- 
what subjective aspect of immunocytochemi- 
cal analysis, we have utilized quantitative 
image analysis of the immunocytochemical 
preparations, yielding results which are more 
objective and which are susceptible to statis- 
tical verification. We have also utilized par- 
allel measurements by RIA to ascertain the 
effect of our experimental manipulations on 
basal hypothalamic GnRH stores. We feel 
that these quantitative approaches should 
provide more reliable information than has 
previously been available on changes in hy- 
pothalamic GnRH after ovariectomy in the 
female mouse. 

MATERIALS AND METHODS 
Animals 

Young adult female mice (Swiss CB-1 
strain, Charles River), ranging in weight 
from 50 to 60 gm, were housed under a light- 
ing schedule of 14 hr of light and 10 hr of 
darkness, and received food and water ad 
libitum. After a two-week period of acclima- 
tion, the animals were divided into two 
groups: Those in one group were designated 
as unoperated controls; animals in the other 
group were anesthetized with met,ofane and 
ovariectomized by the dorsal approach. At 
this point, both groups were transferred to 
specially designed cages (Baker and Briski, 
unpublished) featuring a perforated metal di- 
vider. A male mouse was placed on one side, 
while a group of 3-5 female mice was housed 
on the other side. The purpose of this housing 
arrangement was to ensure maximal syn- 
chrony of estrous cycles among the intact 
females (Whitten, 1966; Whitten and Cham- 
plin, 1973). Vaginal smears were taken daily 
from the intact animals. 

At least six pairs of ovariectomized ani- 
mals and intact controls of comparable age 
were sacrificed by decapitation between 0800 
and 1000 hours a t  each of three time points 
after surgery: two weeks, one month, and 
two months. The majority of the control ani- 
mals were killed during the morning of 
proestrus, after having completed two con- 
secutive four-day cycles, while the remainder 
were sacrificed throughout the cycle. No sig- 
nificant difference was noted in the results 
obtained from these two control groups. 

Tissue Processing, Sampling, and 
Immunocytochemical Procedures 

Hypothalami were processed for light mi- 
croscopic immunocytochemistry according to 
the following procedure. After decapitation, 
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the basal hypothalamus was rapidly exposed 
and flooded with Bouin’s fixative, elevated 
from the base of the skull by lateral props 
and allowed to fix in situ by immersion of 
the whole head in Bouin’s fixative. After 12 
hr, a tissue block comprising the whole hy- 
pothalamus and preoptic area was dissected 
out and returned to fresh fixative for an ad- 
ditional 24 hr. The blocks were than dehy- 
drated in graded alcohols, cleared in carbon 
disulfide, and embedded under vacuum in 
Paraplast. Serial 4-pm coronal sections were 
cut from each block and mounted on albu- 
min-coated slides. Every twentieth section 
was stained with cresyl violet to serve as a 
guide in the selection of appropriate sections 
for immunocytochemistry. 

For each pair of ovariectomized and intact 
control animals, comparable sections from 
three specific regions of the median emin- 
ence were matched and simultaneously im- 
munostained for GnRH, under identical 
conditions, using the peroxidase-antiperoxi- 
dase procedure of Sternberger et al. (1970). 
The three regions chosen for analysis were: 
the mid region, where the infundibular re- 
cess of the third ventricle is the widest; the 
infundibular region, where the infundibular 
stalk separates from the base of the brain; 
and the caudal or post-infundibular median 
eminence. 

Paraffin sections were rehydrated in de- 
scending concentrations of alcohols and 
rinsed in distilled water. Prior to the succes- 
sive application of each immunoreagent, sec- 
tions were washed with 0.9% NaCl buffered 
to pH 7.6 with 0.05M Tris buffer (TBS), the 
diluent for all immunoreagents, and subse- 
quently incubated for 5 min with normal goat 
serum (Cappel), 1:30, in TBS, to diminish 
nonspecific binding. The detection of GnRH 
antigenic sites was achieved by incubation of 
sections with Dermody’s rabbit anti-GnRH 
antiserum #154, preabsorbed with mouse 
liver powder, a t  a dilution of 1:300 (gift of 
Parke-Davis to B. L. Baker). Bound primary 
antibody was labeled indirectly with peroxi- 
dase enzyme by successive incubations with 
goat anti-rabbit IgG (Cappel), l:lO, and per- 
oxidase-anti peroxidase complex (PAP), 1:50 
(gift of L. A. Sternberger to B. L. Baker). 
Each of the three immunoreagents was ap- 
plied to sections for 30 min a t  room temper- 
ature in a moisture chamber. Peroxidase 
activity was visualized by means of enzy- 
matic reduction of 0.001% HzOz, in the pres- 
ence of 0.05M 3,3’-diaminobenzidene (DAB, 
Sigma), free base, in TBS at  pH 8.0, a t  4°C. 
Reacted sections were subsequently treated 

with 2% aqueous osmium tetroxide (Baker) 
a t  room temperature to render oxidized DAB 
complexes insoluble. Although the sections 
were not counterstained, the procedure de- 
scribed above left a slight tan coloration in 
the sections. 

The specificity of the Dermody #154 anti- 
serum for GnRH has been characterized by 
Gross (1976) in this laboratory, using stain- 
ing conditions similar to those utilized here. 
These immunoabsorption tests showed that 
immunolabeling in the mouse hypothalamus 
could be eliminated by preabsorption of #154 
at  a dilution of 1:300, with 16.9 pmols of 
synthetic GnRH. In addition, the following 
additional specificity controls were carried 
out: 1) substitution of normal rabbit serum 
for the primary antiserum; 2) systematic 
elimination of each of the immunoreagents; 
and 3) deletion of DAB, the marker for 
GnRH. No non-specific labeling was revealed 
by these controls. 

Quantification of the Immunocytochemical 
Product 

In the present study, a Quantimet 720 im- 
age analyzer (CambridgeDMANCO, Monsey, 
NY) was used to provide a quantitative esti- 
mate of differences in immunolabeling for 
GnRH in matched control and experimental 
tissue. Measurements of both 1) the total 
specimen area covered by reaction deposit 
and 2) the average unit density of this mate- 
rial were used as a means of comparing the 
amount of immunocytochemical reaction 
product generated by the paired sections un- 
der identical conditions. 

Upon projection onto the Quantimet’s pic- 
ture screen, a specimen image was automat- 
ically divided into standard unit areas, or 
pixels, each corresponding to 0.73 pm2 on the 
specimen (occasionally, smaller pixels were 
used, ranging to 0.46 pm2). According to the 
literature, axons and axon terminals within 
the external lamina of the rat median emin- 
ence, the site where GnRH has been local- 
ized, have diameters of 0.1-0.5 pm and 0.3- 
1.4 pm, respectively (Monroe, 1967). Thus, 
the pixels used in the present study were 
roughly the same size on the specimen as the 
axons and axon terminals containing GnRH 
activity. The Quantimet possesses the capa- 
bility to assign to each pixel a value for opti- 
cal density, according to a graded internal 
scale of 64 shades of gray between black and 
white. Since the optical density of the im- 
munolabeled areas of the specimen was 
greater than that of the unstained neural 
tissue, it was possible to choose a threshold 
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value to permit detection of only those areas 
of the specimen covered by reaction deposit. 
By this means, the Quantimet, in conjunc- 
tion with a computer program, was able to 
assess for each immunolabeled preparation 
the number and individual unit density val- 
ues of the pixels containing DAB. From these 
measurements, it was possible to determine 
for each specimen the total area covered by 
reaction deposit and the average unit density 
of this material. 

Paired experimental and control tissue 
from each region of the median eminence 
were analyzed by the Quantimet. Data for 
total immunocytochemical reaction area cov- 
ered by deposit and average density from 
each sampled region were analyzed with Stu- 
dent’s T test for paired observations. Changes 
in these parameters were compared between 
sampled regions using Student’s T test for 
means. 

Radioimmunoassay 
Ovariectomized and proestrus control ani- 

mals used for radioimmunoassay were killed 
between 0800 and 1000 hours a t  either two 
weeks, one month, or two months after sur- 
gery. After decapitation, a tissue block com- 
prising the basal hypothalamus was excised 
from the brain and immediately frozen on 
dry ice. The approximate boundaries of the 
block were as follows: Rostral, through the 
retrochiasmatic area, posterior to the optic 
chiasm; lateral, along the hypothalamic sulci; 
dorsal, two-thirds of the height of the hypo- 
thalamus; and caudal, anterior to the mam- 
millary bodies. According to current 
information, immunoreactive GnRH within 
the mouse basal hypothalamus appears to be 
present exclusively within axons and axon 
terminals; GnRH-specific antisera have con- 
sistently revealed intra-axonal GnRH activ- 
ity within this area of the brain, but have 
failed to identify GnRH-containing peri- 
karya within this region. 

After rapid freezing, the tissue blocks were 
stored at-20°C until extraction the following 
day, which was performed according to the 
method of Snabes et al. (1977). Hypothalamic 
tissue was homogenized in 2N acetic acid at 
4°C and centrifuged for 30 min at  1OOOg; the 
supernatant was neutralized with 2N NaOH 
and diluted to a final volume of 1 ml with 
0.01M gel-PBS, pH 7.0. Extracts were re- 
turned to storage at  -20°C until analysis for 
GnRH content. Radioimmunoassay for GnRH 
was carried out according to the procedure 

described by Snabes et al. (1977). The anti- 
serum used, Niswender’s R42, was kindly 
provided by Dr. T. M. Nett (Colorado State 
University) and was employed at  a dilution 
of 1:200,000 in normal rabbit serum diluted 
1:300 in EDTA-PBS, pH 7.0. Samples were 
analyzed in duplicate, at two dilutions. Sam- 
ple aliquots and the synthetic GnRH stand- 
ard, P 113 (Parke-Davis), were diluted to 500 
pl with 0.01M gel-PBS, H 7.0. To each tube 
was added 100 pl of P251-GnRH (approxi- 
mately 1000 cpm) and 200 pl of anti-GnRH 
at  the dilution described above. After incu- 
bation for 24 hr at 4”C, 200 pl of sheep anti- 
rabbit IgG, 1:15, was added and the incuba- 
tion allowed to continue for an additional 72 
hr a t  4°C. At this time, the precipitates were 
washed with 3 ml of cold 0.01M gel-PBS, pH 
7.0, and then counted. Data were expressed 
as ng GnRH per mouse medial-basal hypo- 
thalamus and were analyzed for significance 
with the Student’s t test for means. 

RESULTS 
Zntact Controls 

The immunochemical localization of GnRH 
in the median eminence of intact female mice 
appeared essentially as has been described 
by Gross (1976) and will only be summarized 
here. In the mid-region of the median emin- 
ence (Fig. l), immunocytochemically demon- 
strable GnRH is organized predominantly 
into a bilateral tract, the medial aspect of 
which is particularly dense and lies in close 
proximity to the apices of the tubero-infun- 
dibular sulci. Laterally, the tract is closely 
apposed to the entire lateral border of each 
sulcus. Immunoreactive hormone is also 
present in a relatively diffuse distribution 
between the sulci and the infundibular re- 
cess of the third eminence. Small, variable 
deposits of reaction product are present in 
close proximity to the ependymal lining of 
the lateral and ventral walls of the infundi- 
bular recess. These individual sites are also 
found within both laminae of the central ex- 
panse of the median eminence. 

More caudally, in the infundibular or junc- 
tional region, most of the GnRH immuno- 
reactivity is also organized into a bilateral 
tract, the lateral aspect of which extends 
transversely, dorsal to the entire length of 
each sulcus (Fig. 2). Although the activity is 
heaviest medially, a t  the apex of the sulcus, 
it can also be demonstrated in a more diffuse 
distribution extending between the apices of 
the sulci, beneath the third ventricle. In ad- 
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dition, a variable amount of GnRH activity 
is also dispersed within the infundibular 
stalk. 

In the post-infundibular or caudal median 
eminence, demonstrable GnRH is observed 
within two bilateral tracts which extend in a 
transverse direction on either side of the mid- 
line. At the midline, more diffuse hormone 
activity extends from the base of the brain to 
the ependymal lining of the third ventricle. 

Two Weeks After Ovariectomy 
Visual comparison of the paired immuno- 

stained sections, control and experimental, 
from each sampled region showed no appar- 
ent difference in either distribution or den- 
sity of GnRH labeling between the majority 
of the ovariectomized animals and their in- 
tact controls. A representative pair of matched 
sections, with the experimental on the left 
and the control on the right, is shown for 
each sampled region: Mid-median eminence 
(Figs. 3, 4), infundibular region (Figs. 5 ,  61, 
and caudal median eminence (Figs. 7, 8). 
However, occasional pairs of sections from 
each region showed either an increase or de- 
crease in the ovmicctomized animals com- 
pared to the controls. 

Quantitative analysis of these prepara- 
tions confirmed the visual impression that 
there was no ovariectomy-induced change in 
immunocytochemical reaction product two 
weeks after the operation. The data from im- 
age analysis (Fig. 9) revealed no significant 
change in either the area of neural tissue 
covered by reaction deposit or the average 
unit density of this material in any sampled 
region of the median eminence in ovariec- 
tomized mice. 

One Month After Ovariectomy 
At one month after surgery, there was a 

readily apparent decrease in immunolabeled 
GnRH in the median eminence of all of the 
ovariectomized animals. In each animal, this 
response could be observed throughout the 
cephalo-caudal extent of this structure, in- 
cluding the mid-median eminence (Figs. 10, 
11), the infundibular region (Figs. 12, 13), 
and the caudal median eminence (Figs. 14, 
15). Throughout the median eminence, ovar- 
iectomy resulted in a marked reduction in 
immunoreactivity associated with the prom- 
inent tubero-infundibular tract. This de- 
crease was particularly obvious in the medial 
portion of the tract, at the apex of the tubero- 
infundibular sulcus. In contrast, immuno- 

reactive hormone in lateral areas of the tract 
was variably affected by ovariectomy, with 
some pairs of sections showing no visible dif- 
ference in immunoreactivity. Further, in 
each sampled region there was also a marked 
decrease in GnRH immunoreactivity within 
more diffusely organized loci, particularly 
medial to the sulci in the mid- and infundi- 
bular regions, and within the locus of activ- 
ity extending from the ventricular ependyma 
to the base of the brain in the caudal median 
eminence. 

Image analysis of the immunolabeled pre- 
parations (Fig. 16) demonstrated a statisti- 
cally significant decrease in total specimen 
area covered by immunocytochemical reac- 
tion product in each region of the median 
eminence one month after ovariectomy. The 
magnitude of this response was not constant 
throughout the median eminence: the great- 
est decrease in area occurred in the infundi- 
bular region, while the other two regions 
showed lower values that were similar to 
each other in magnitude. Ovariectomy after 
one month also resulted in a decrease in the 
average density of immunostaining for 
GnRH, which was uniform throughout the 
median eminence. 

Two Months After Ovariectomy 
At two months after ovariectomy, the paired 

immunostained sections again exhibited an 
ovariectomy-induced reduction in demon- 
strable GnRH in all sampled regions of the 
median eminence (Figs. 17-22). The pattern 
of response in each region was essentially the 
same as that observed at  one month. 

Image analysis of these sections (Fig. 23) 
indicated for each sampled region that ovar- 
iectomy resulted in a significant decrease in 
both specimen area covered by reaction prod- 
uct and average unit density of immuno- 
staining for GnRH. As at  one month, the 
decrease in average density was uniform 
throughout the median eminence, while the 
reduction in area varied, with the greatest 
absolute decrease in area occurring in the 
infundibular region. 

Radioimmunoassay 
The RIA data (Fig. 24) showed that the 

GnRH content of the basal hypothalamus 
was not significantly different from control 
values a t  two weeks after ovariectomy. At 
both one and two months, however, there 
was a significant decrease (p < 0.005) in the 
tissue content of this hormone in the ovariec- 
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Fig. 9. Effect of ovariectomy for two weeks on the 
area of distribution (A) and average density (B) of im- 
munolabeled GnRH in three regions of the median em- 
inence in the female mouse, as  analyzed quantitatively 
with the Quantimet 720 Image Analyzer. In all of the 

graphs, solid bars indicate mean values for control ani- 
mals; while the hatched bars indicate corresponding 
mean values from ovariectomized animals. Vertical lines 
indicate SEM, and numbers above bars are  the number 
of animals per bar. 
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tomized mice, compared to intact controls. 
The magnitude of this response did not differ 
significantly between one and two months. 

DISCUSSION 

The quantitative data described in the 
present study, obtained with both RIA and 
quantitative immunocytochemistry, provide 
solid evidence that ovariectomy after one or 
more months in the mouse results in a signif- 
icant decrease in the immunoreactive GnRH 
content of the basal hypothalamus, while at 
two weeks after ovariectomy the content is 
not significantly changed. These quantita- 
tive findings confirm and extend the pre- 
vious qualitative observations of Briski (1979) 
and of Gross (1980). The image analyses car- 
ried out on immunocytochemical prepara- 
tions in the present study have shown that 
the decrease in demonstrable GnRH after 
one or two months of ovariectomy includes a 
significant reduction in both the area of 
neural tissue covered by reaction product and 
the average unit density of immunostaining. 

The present findings may be compared with 
those obtained by Gross (19801, who studied 
the effect of gonadectomy and steroid hor- 
mone replacement therapy on immunola- 
beled hypothalamic GnRH in male and 
female rats and mice. In that paper, utilizing 
immunocytochemistry analyzed by visual 
comparison (without correlated radioimmu- 
noassay), it was concluded for the mouse that 
after two weeks of gonadectomy there was no 
detectable change in immunoreactive GnRH 
in the median eminence, but that a reduction 
was seen at  five weeks. No mention was 
made of variability within each group nor of 
problems involved in making visual compar- 
isons. We found a certain variability from 
animal to animal in the same group, which 
we believe may reflect normal variations in 
GnRH content of the mouse median emin- 
ence. These minor fluctuations caused us to 
seek a more quantitative evaluation that 
could be assessed statistically. A decrease in 
GnRH immunoactivity is shown in that pa- 
per a t  five weeks, but it is only illustrated 
for the mouse at  five weeks of orchidectomy; 
and the visual comparisons used in that 
study do not allow a firm conclusion as to 
whether the difference is mainly in amount 
or whether there is also a difference in the 
area of distribution. Although Gross (1980) 
concluded that after two weeks ovariectomy 
in the mouse did not give rise to appreciable 
reduction in demonstrable hypothalamic 
GnRH, the figures in his paper show that 

appears to be a more concentrated and local- 
ized GnRH immunoreactivity in the control 
(his Figure 4a) than in the two-week experi- 
mental (his Figure 5b). This underscores the 
variability that may be present in such prep- 
arations and the problems involved in de- 
tailed visual comparisons. Thus, while we do 
not question the specificity of the immuno- 
cytochemical procedure used by Gross (1976, 
1980) to demonstrate GnRH, we have felt the 
need for more objective and quantitative 
means of evaluating immunocytochemical 
preparations, which has been one of the goals 
of the present study. 

Quantitative image analysis of the immu- 
nocytochemical staining for GnRH in mice 
ovariectomized for one or two months re- 
vealed that the decrease observed in each 
region of the median eminence was charac- 
terized by a significant reduction in both the 
area of neural tissue covered by reaction 
product and the average unit density of im- 
munostaining. The decrease in area suggests 
that ovariectomy results in the total deple- 
tion of immunoreactive hormone from some 
axons, or a t  least reduction of their hormone 
cnntent below the limit of sensitivity of the 
immunocytochemical techniques used in the 
present study. This loss of immunoreactivity 
could indicate either a massive release of 
hormone from these axons or a further de- 
crease in already low hormone stores. Fur- 
thermore, the decrease in unit density of 
reaction deposit within the residual detected 
area in the ovariectomized animals indicates 
that the net GnRH immunoreactivity within 
axons present in this total area is reduced 
significantly below control values. There are 
several possible explanations for this reduc- 
tion in unit density, including a variable de- 
crease in hormone in detected GnRH axons 
or a depletion of hormone from some axons 
present within the detected area. It is possi- 
ble that both of these events contribute to 
the overall reduction in unit density of de- 
monstrable hormone. 

The overall decrease in tissue hormone 
content after one or more months of ovariec- 
tomy most likely reflects an enhanced secre- 
tion of GnRH by the mouse hypothalamus. 
To date, there have been no studies in the 
mouse or any other species establishing a 
direct correlation of changes in the hypotha- 
lamic content of immunoreactive GnRH are 
directly correlated with changes in the net 
output of this hormone into the portal 
plasma. However, the hypothesis that a de- 
crease in hypothalamic GnRH content indi- 
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Fig. 16. Effect of ovariectomy for one month on the 
area of distribution (A) and average density (B) of im- 
munostaining for GnRH in the mouse median eminence, 
a s  analyzed quantitatively with the Quantimet 720 Im- 

age Analyzer. * indicates P < 0.01, * * indicates P 4 
0.025, and * * * indicates P < 0.005, when the experi- 
mental value is compared to its corresponding control, 
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cates an increase in GnRH neurosecretion is 
supported indirectly by studies in the gonad- 
ectomized rat showing that a t  the same time 
points a t  which hypothalamic GnRH content 
is decreased (Wheaton and McCann, 1976; 
Chen et al., 1977; Badger et al., 1978; Koba- 
yashi et al., 1978), there is a detectable in- 
crease in both the rate of biosynthesis of hy- 
pothalamic GnRH (Moguilevsky et al., 1975; 
Reichlin, 1976) and the release of this neuro- 
hormone into the portal plasma (Ben-Jona- 
than et al., 1973; Eskay et al., 1977; Shenvood 
and Fink, 1980). Thus, the present study and 
others suggest a responsiveness of the mouse 
hypothalamus to the absence of the gonads, 
resulting in an  increased GnRH neurosecre- 
tion, a t  least in the chronically ovariectom- 
ized animal. 

The localization of GnRH immunoreactiv- 
ity in animals ovariectomized for either one 
or two months revealed a widespread de- 
crease in immunolabeled GnRH throughout 
the cephalo-caudal extent of the median em- 
inence, similar to previous observations in 
this species (Briski, 1979; Gross, 1980). 
The decrease in immunostaining for GnRH 
throughout most of the area in which GnRH 
is localized suggests that in each region, fi- 
bers sensitive to a reduction in circulating 
levels of gonadal steroids are topographically 
distributed throughout most of the GnRH 
fiber system. Such fibers may, however, pre- 
dominate within the more medial aspects of 
the GnRH fiber distribution. 

Although the ovariectomy-induced de- 
crease in unit density of immunostaining for 
GnRH is uniform throughout the median em- 
inence, the absolute reduction in area cov- 
ered by deposit, as measured by quantitative 
image analysis, is not constant, but rather 
shows a relatively greater decrease in the 
infundibular region than elsewhere in the 
median eminence. These data imply that a 
proportionally greater number of axons in 
this region lose their content of immunocy- 
tochemically detectable hormone in response 
to ovariectomy, relative to the other regions 
sampled. Because the average unit density 
of immunolabeling per unit area is constant 
throughout the control median eminence, 
this relatively greater decrease in unit area 
may reflect a greater absolute decrease in 
GnRH immunoreactivity. In contrast, Gross 
(1980) suggested that the greatest decrease 
occurred in the post-infundibular or caudal 
region of the mouse median eminence. This 
discrepancy could be due either to the differ- 

ent methods utilized in the two studies, or to 
differences between the two strains of mice 
used. 

The immunocytochemical demonstration of 
a decrease in intra-axonal GnRH in the me- 
dian eminence of mice ovariectomized for 
either one or two months is in agreement 
with our radioimmunoassay data showing a 
net decrease in basal hypothalamic GnRH at  
these time points. It should be kept in mind, 
however, that intrinsic differences in the two 
methods preclude the interpretation of the 
two sets of data as exactly parallel. While 
the radioimmunoassay data in the present 
study reflect an ovariectomy-induced change 
in total GnRH immunoreactivity within 
basal hypothalamus, the data obatined with 
immunocytochemistry indicate the effect of 
ovariectomy on the population of immuno- 
reactive GnRH molecules demonstrable in 
the tissue after dehydration and paraffin 
embedding. Another possible difference be- 
tween the two sets of data may result from 
the use of a different antiserum in each study. 
While both antisera hve been demonstrated 
to be specific for an amino acid sequence 
contained within the authentic GnRH deca- 
peptide, only R42, the antiserum used in 
the present radioimmunoassay analysis, has 
been shown to lack affinity for any additional 
peptides within the basal hypothalamus 
which may contain this antigenic sequence 
(Nett et al., 1973), presumably including pre- 
cursor or prohormonal forms of GnRH or per- 
haps biologically different, cross-reactive 
molecules. Because information of this na- 
ture is not presently available for Dermody’s 
#154 antiserum, the possibility that at least 
some of the immunolabeled GnRH activity is 
actually prohormonal GnRH or a chemically 
similar, cross-reactive molecule cannot be 
eliminated. 

In the present study, no significant change 
in GnRH immunoreactivity was detected 
with either radioimmunoassay or quantita- 
tive immunocytochemistry in mice ovariec- 
tomized for two weeks, indicating that the 
net tissue hormone content is not altered in 
response to ovariectomy at  this time. There 
are a t  least two possible interpretations of 
these findings. First, the results may indi- 
cate the lack of a hypothalamic neurosecre- 
tory response to ovariectomy at  this time 
point. Alternatively, a GnRH neurosecretory 
response to gonadectomy might occur in the 
absence of a concomitant change in the net 
intra-axonal GnRH content. It is possible that 
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Fig. 23. The effect of ovariectomy after two months 
on the area of distribution (A) and average density (B) of 
immunolabeling for GnRH in the mouse median emin- 
ence as  analyzed quantitatively with the Quantimet 720 

Image Analyzer. * indicates P < 0.05, * * indicates P 
< 0.025, and * * * indicates P < 0.005, when experi- 
mental values are compared to the corresponding con- 
trols. 
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Fig. 24. The effect of ovariectomy on GnRH levels in 
female mouse basal hypothalamus, as  shown by radioim- 
munoassay. i r  indicates P < 0.005 when experimental 
values for GnRH are compared to the respective intact 
controls. 

changes in the rates of both hormone synthe- 
sis and release into the portal plasma could 
occur without a resultant change in the net 
amount of hormone present within the ax- 
ons. One could speculate that the rate of ad- 
dition of neurosecretory granules to the 
population contained within the axon and 
the rate of exocytotic release of granule con- 
tents both increase in response to gonadec- 
tomy, but that the ratio of these is not 
changed. Thus, even though the turnover 
rate of neurosecretory granules would be in- 
creased, the total size of the granule popula- 
tion would remain essentially constant. 
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