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Summary. The arcuate nucleus of  the hypothalamus (AH) of  male rats which 
had been treated either with estradiol benzoate (E2B) or cyproterone acetate 
(CPA) was examined ultrastructurally for the presence of  whorls of  endo- 
plasmic reticulum. The incidence of  whorl containing neurons (WCN) was 
2-4 times higher in the A H  of  animals treated for 2-3 weeks with EZB or for 
2 weeks with CPA than in the A H  of  oil treated controls. CPA is a powerful 
anti-androgen while EZB acts both peripherally and centrally to limit testo- 
sterone production. These findings, together with previous evidence that whorls 
proliferate in A H  of  male rats deprived of  androgen by morphine treatment or  
castration, suggest that  steroid feedback (androgen alone or both androgen 
and estrogen) plays an important  role in A H  whorl proliferation. The possibi- 
lity that W C N  may  be L H - R H  containing neurons is suggested by the close 
correspondence between the number  and location of  W C N  within A H  as 
determined in this study and the distribution of L H - R H  containing cells 
reported by others. 
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Introduction 

Whorls of  endoplasmic reticulum proliferate in neurons of  the arcuate nucleus 
of  the hypothalamus (AH) of  male rats deprived of  testosterone either by castra- 
tion or morphine treatment.  Very few whorl containing neurons (WCN) are 
present in A H  of  control animals or in androgen-deprived animals that receive 
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exogenous testosterone replacement (Brawer, 1971; Price etal. ,  1976). This 
suggests that lamellar whorls may be markers for neurons in AH which are sensi- 
tive to circulating levels of  testosterone. If  so, then any drug treatment which inter- 
feres with androgen synthesis or with androgen interactions at hypothalamic 
receptor sites, may influence the rate of whorl proliferation in AH neurons. As 
a test of  this hypothesis we examined the AH of male rats for WCN after treating 
the animals with cyproterone acetate (CPA), an anti-androgen which is thought 
to competitively inhibit testosterone binding at all target sites (Neumann and 
Steinbeck, 1974), or estradiol benzoate (E2B), a steroid which acts at a central 
site as well as directly on testicular Leydig cells to inhibit testosterone production 
in male rats (Mallampati and Johnson, 1973; Steinbeck et al., 1971). 

Materials and Methods 

Eighteen 60 day-old Holtzman male rats were divided equally into three groups. Each rat received 
daily 200 lal injections s.c. of corn oil with or without an added drug. The control group received corn 
oil only; the second group, 200 lag E2B; the third group, 10 lag CPA. Half (3) of the animals in each 
group were sacrificed by intracardiac perfusion after two weeks of treatment and the other half after 
three weeks. 

Tissue from the middle third of AH was prepared for ultrastructural examination by methods 
previously described (Olney, 1971). Thin sections mounted on formvar-coated slot grids containing 
the median eminence and both AH, along with portions of the ventromedial nuclei (VMH) immediately 
adjacent to AH were scanned in their entirety for lamellar whorls. The location of each WCN was 
noted on a composite print of the section (for details of scanning procedure, see Price et al., 1976). 

Results 

Lamellar whorls were present in AH of all animals in this study with the exception 
of one 3 week CPA-treated rat. However, there was considerable variation among 
groups in the numbers of  whorls detected (Table 1). Oil-injected control animals 
contained 3-15 WCN per section with the exception of  one control animal which 
had 56 WCN per section, i.e., more than the mean number reported in AH of long 
term castrated rats (Price et al., 1976). Since this case differed so markedly from 
the other 5 controls in this study as well as the 10 controls from a previous similar 
study (Price et al., 1976), it was considered abnormal and was excluded from the 
tabulation of  control data. 

Table 1 
Treatment Whorls 

mean • 

Control - 2 wk 7.0 • 4.0 
Control - 3 wk 11.0 -+ 2.1 
E2B - 2 wk 26.0 • 10.7 
EZB - 3 wk 20.7 • 4.2 
CPA - 2 wk 25.3 • 2.7 
CPA - 3 wk 8.0 • 4.0 
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The AH sections from the E2B-treated animals and the 2 week CPA-treated 
animals had a mean WCN content approximately 2-4 times greater than controls. 
However, the mean WCN present in AH of 3 week CPA-treated animals did not 
differ from that of controls. 

Whorls were not distributed uniformly throughout the sections of AH studied 
but were clustered ventrally adjacent to the lateral recess of the third ventricle or 
periventricularly in the dorsal medial aspect of the nucleus. However, one or more 
WCN were usually present in each quadrant of AH as well as along the ventro- 
medial portion of VMH bordering AH. 

Discussion 

It has been suggested that androgen sensitive neurons in which whorls proliferate 
may be the same cells that produce or store luteinizing hormone releasing hor- 
mone (LH-RH) (Brawer, 1971; Price et al., 1976). In a comprehensive immuno- 
histochemical study of LH-RH containing cells in rodents, Hoffman (1976) found 
approximately 10~o AH neurons to be immunoreactive. In addition to a sparse 
sprinkling of these cells throughout AH, two groupings were present: a large 
ventral population and a smaller dorsal cluster. Additional LH-RH-containing 
cells were scattered along the border of VMH abutting AH. The distribution of 
LH-RH containing cells detected by Hoffman resembles the distribution of WCN 
detected in AH and adjoining portions of VMH in both the present and previous 
study (Price et al., 1976). The number of immunoreactive cells in Hoffman's 
study coincides with that of WCN in our control animals. 

Treatment of male rats for 2 weeks with the potent anti-androgen, CPA, in- 
creased the number of WCN detected in AH, but the WCN population was not 
different from that of control levels after 3 weeks of CPA treatment. Interpreta- 
tion of these data is complicated by conflicting reports regarding the effects of 
CPA on Leydig cell morphology and plasma concentrations of testosterone 
(Neumann and Steinbeck, 1974). A reduction in testosterone binding to hypo- 
thalamic receptors normally stimulates production of LH-RH. Consequently 
circulating levels of luteinizing hormone (LH) and testosterone are also in- 
creased. Since CPA is thought to competitively inhibit androgen binding at all 
target sites, one might expect CPA treatment to result in a compensatory out- 
pouring of testosterone. Although there is some disagreement among investigators, 
the prevailing view is that CPA treatment either reduces or has no effect upon 
circulating levels of testosterone (Neumann and Steinbeck, 1974). In addition, 
all authors agree that secondary sex organs which are androgen dependent rapidly 
and markedly atrophy following CPA treatment. Although CPA might act 
directly upon these organs, this possibility has generally been discounted. Rather, 
the seeming anomaly of testosterone suppression mediated by an anti-androgen 
is attributed to the progestagenic action of CPA which is thought to oppose the 
anti-androgenic effects of the drug at its central target site, thereby limiting the 
production or release ofLH (Neumann and Steinbeck, 1974). Which of the actions 
of CPA is dominant, the antiandrogenic or progestagenic, seems to vary with 
time. In a 3-9 week study of adult rats injected with 10 mg CPA daily, Leydig cell 
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morphology differed at each survival time (Steinbeck et al., 1971), suggesting 
that testosterone production was also variable. This might explain why in the 
present study WCN were prevalent in 2 week animals but not in 3 week animals. 

Treatment of male rats with EZB has been shown to cause a rapid and severe 
atrophy of Leydig cells (Steinbeck et al., 1971) and a concurrent reduction in 
circulating levels of testosterone (Chowdhury et al., 1974; Mallampati and John- 
son, 1973). In the present study E2B treatment also caused a substantial increase 
in the number of WCN detected in AH as compared to that of oil-injected controls. 
This finding is consistent with the postulate that AH whorls proliferate in response 
to reduced levels of circulating testosterone. It is also known, however, that 
labeled EZB is accumulated by AH cells in both male and female rats (Stumpfet al., 
1976). Thus, the possibility that both testosterone and E2B act directly on AH 
neurons to influence whorl formation must be considered. Since AH whorl 
proliferation appears to be associated with either high estrogen or low androgen 
levels, it is possible that estrogen stimulates and androgen suppresses a specific 
parameter of functional activity which is reflected morphologically as an increase 
or decrease in AH whorl proliferation. Further, the critical determinant of whorl 
proliferation may not be an absolute increase in serum estrogen or decrease in 
serum androgen but an increased ratio of estrogen to androgen impinging upon 
steroid-sensitive AH neurons. Experiments designed to test this hypothesis seem 
warranted. 
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