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Rat ventral prostate as an independent source of inhibin-like material
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Abstract. Castration had no effect on prostatic inhibin-like activity as compared to
normal controls. Consequent upon castration there is a significant reduction in the inhibin
content of the ventral prostate on a per gland basis. However, when expressed as a
function of protein content, there is no change. The data suggest that the very same
epithelial cells which under the influence of androgen carry out the characteristic exocrine
secretory activity are responsible for the synthesis and secretion of inhibin-like material.
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Introduction
An exciting recent development in endocrinology is the realization that regulatory
peptides occur in sites other than their 'classical' sites of synthesis (Niall, 1981;
Pekary et al., 1982; Bigazzi and Bryant-Greenwood, 1984; Dufy-Barbe, 1985). The
first indication of the presence of inhibin in the human prostate was obtained by
Vaze et al. (1979) in the course of their efforts to develop a radioimmunoassay
(RIA) for inhibin. Human prostate exhibited the highest content of radioimmunoassayable inhibin-like material (ILM) as compared to the seminal vesicle, the
epididymis or the testis (Vaze et al., 1980). Subsequently Sheth et al. (1981) isolated
and partially purified biologically active as well as immunoreactive inhibin from the
human prostate. In a comparative study of human testes, prostate, and seminal
plasma as sources of inhibin, Krishnan et al., (1982) found that irrespective of the
source, inhibin bio-activity showed the same elution characteristic on Sephadex G100 columns. These authors claimed that testicular, prostatic and seminal plasma
inhibin are indistinguishable physicochemically, biologically and immunologically
(Sheth et al., 1981). This, taken together with the observation of Asch et al. (1980)
on the presence of inhibin in the seminal plasma of vasectomized subjects, led Sheth
et al. (1981) to hypothesize that the prostate concentrates circulating inhibin and
releases it as a constituent of its secretion into the seminal plasma. In support of
such a view Phadke et al. (1982) and Vanage et al. (1985) claimed the presence of
high affinity inhibin receptors in human and rat prostate respectively.
The alternative view that the prostate could be an extratesticular site of synthesis
has also received support from Sheth et al. (1981). These workers have reported that
the prostatic tissue of castrated individuals contains ILA, although its concentration
is lower than that of normal subjects. They also observed a 10-fold increase in
inhibin content in cases of benign prostatic hyperplasia (BPH) as compared to
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normal tissue. The high level of inhibin in BPH tissue was also reflected in the
serum (Sheth et al., 1982).
The following observations add weight to the concept that the prostate is an
extragonadal source of ILM: (i) the presence of a higher proportion of ILM in that
fraction of the split ejaculate that is known to be rich in prostatic secretion (Beksac
et al., 1984), (ii) a high level of ILM in the serum, semen and urine of gonadectomized men (Beksac et al., 1984) and (iii) the further enhancement of postcastrational
serum follicle stimulating hormone (FSH) levels following prostatectomy (Sheth
et al., 1984).
Kharbanda et al. (1985) demonstrated unambiguously that the rat ventral prostate
is indeed an independent source of inhibin in as much as ILA persisted despite
epididymectomy/castration. The present work was undertaken to further substantiate the androgen independent secretion of prostatic inhibin.
Materials and methods
Animals
Holtzman derived male albino rats from our inbred animal colony maintained
under standard conditions (temperature: 24± 1°C; 14 h light: 10 h dark) were used
for the entire study. They were fed adlibitum on a commercial balanced pelletized
diet. Tap water was freely available. The age of the animal was reckoned starting
from day 0, the day the litters were born. All rats were weaned at day 21.
Orchidectomy
Two months old adult male rats were bilaterally castrated via the scrotal approach.
These animals were autopsied 6 weeks after surgery along with appropriate agematched normal controls. The ventral prostate was removed, freed of adhering
connective tissue, weighed on a torsion balance and processed in one of two
alternative ways: (i) an acetone powder was prepared and assayed for ILA by the
'Moudgal assay' as detailed earlier (Kharbanda et al., 1985) and (ii) the tissue was
homogenised in saline (10% w/v), centrifuged and supernatant recovered. Protein in
the supernatant was determined by Layne's (1957) procedure.
Histology
Four days as well as two and six weeks after surgery, the ventral prostate was
removed, freed of adhering connective tissue and fixed in Bouin's overnight. After
fixation, the tissue was washed, dehydrated through grades of alcohol, cleared in
benzene and infiltrated with wax. Blocks were made and serial sections cut at 5 µm.
The sections were stained with hematoxylin (Sigma) and eosin (BDH).
Statistics
The data was statistically analysed by two-way analysis of variance (ANOVA). For
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the various parameters measured, the magnitude of correlation was established
using the standard correlation analysis and wherever warranted, regression analysis
was conducted (Sokal and Rohlf, 1969). To test for difference between means, after
significant ANOVA main effects, the student's Newman-Keul's post-hoc test was
used. Α Ρ value < 0·05 was considered statistically significant. The level of
significance of difference from human chorionic gonadotropin (hCG) control is
denoted by asterisks.
Slope values of the dose-response lines and indices of precision were determined
using Borth's analysis of multiple parallel line assays based on a symmetrical design
(Borth, 1960). In our assay, we have used two doses with a log dose-interval of 2,
with 4 mice per dose. The level of significance was set at 5%. If parallelism in the
slope of the log dose-responses was observed, the data was used for calculating
relative potency according to Ramasharma et al. (1979).
Results
Observations on ILA
Castration had no effect on the prostatic ILA as compared to normal control
(P > 0·1, F-test; figure 1).

Figure 1. Effect of castration on production of rat prostate inhibin.
The bar chart represents the mean ± SEM, n = 4.
Castration does not affect the prostatic inhibin activity compared to Sham-operated or
age-matched normal controls. (P > 0·1). A dose-dependent suppression of uterine weight
gain is observed compared to hCG-control (P < 0·001) when saline extracts of ventral
prostate acetone powder of normal, Sham-operated or castrated rats is administered to the
test animals.
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Statistical evaluation of the assay procedure based on Borth's system of computation (Borth, 1960) is summarized in table 1.
Table 1. Statistical evaluation of the 'Moudgal assay' by Borth's system of
computation.

n Average number of animals per dose level; J, ratio of contiguous doses;
I, log J; b c , combined slope; S c , standard deviation of response;
S 2 , residual variance; V, variance of the mean effects;
Gc , index of significance of slope; G c2 departure from parallelism;
Fv , F value for departure from parallelism; λ, index of precision.
*The computed value of g c is < 1 and therefore the combined slope for the assay
can be considered significant.
†The computed value of F v is less than the table value of 4·75. Therefore departure
from parallelism is negligible.
**The value of λ is <0·2 and therefore the index of precision of the bioassay is
acceptable.
C

The data for linear regression when plotted (figure 2) show identity of the dosedependent response for both preparations. Using the data for calculating potencies,
as defined by Ramasharma et al. (1979), it is seen that 50% suppression of the hCG
induced uterine weight increase in treated mice is effected by 68 µg of either
preparation. This is ofcourse in line with the observation that the two preparations
give an identical log dose-response curve. The inhibin content (expressed as
units/mg tissue protein or units/gland) was then calculated and the potency
compared (table 2). Consequent upon castration, there is a significant reduction in
the inhibin content of the ventral prostate on a per gland basis. However, when
expressed as a function of protein content, there is no change.
Histological observations
The histology of the normal rat ventral prostate is shown in figures 3 and 4.
Castration-induced regression is evident within 4 days of surgery (figure 5).
Consequent upon involution of the gland, the typical architecture of the acini is
lost. Another characteristic effect is that the height of the columnar epithelial cells is
reduced. With prolonged effects of castration (figures 6,7) the acini shrink further so
that the basket-like investment of the smooth muscle cells becomes more evident.
With progressive decrease in the volume of the columnar cells as well as their
number, the stromal cells become increasingly prominent. The basal cells too are
easily discernible in sections of ventral prostate of castrated rats (figures 5–7).
Discussion
The rationale behind the coupled assay as a convenient and rapid method of
diagnosis and quantitation of ILA has been discussed (Kharbanda et al., 1985, Chari
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Figure 2. Log dose-response curves for inhibin activity for saline extracts of ventral
prostate acetone powder of normal and castrated rats. The different preparations were
tested in the 'Moudgal assay' at 3 dose levels. The results are expressed in terms of per cent
suppression in uterine weight gain. This was calculated as follows:

Each value represents the mean ± SEM, n = 4.

Table 2.

et al., 1987) and validated using the in vitro pituitary cell culture assay (Dhingra
and Duraiswami, 1988). The results of the coupled assay proved unequivocally that
prostatic ILA acts at the level of the pituitary (Kharbanda et al., 1985). Therefore,
all subsequent preparations were evaluated for ILA by the 'Moudgal assay'
(Ramasharma et al., 1979).
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Figure 3. T.S. of normal rat ventral prostate. The gland exhibits large dilated acini
containing secretory products in the lumina (1). Connective tissue (2) fills the space
between the epithelial acini. Accumulation of interstitial tissue is seen at the intersection of
several acini. Note the numerous blood vessels (3). The interstitial tissue is differentiated to
form a sheath (4) around the acini. Hematoxylin and eosin staining (× 250).

Figure 4. A higher power view of rat ventral prostate. The glandular lining consists
mainly of tall columnar cells (1) with basally located oval nuclei. Hematoxylin and eosin
staining (× 800).
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Figure 5. T.S. of rat ventral prostate 4 days after castration.
The diameters of acini are less than in intact animals. The infoldings of the glandular
epithelium are lost. The height of columnar epithelial cells is reduced. The basal cells (1) of
the glandular epithelium (with the long axes of their nuclei aligned parallel to the basement
membrane) and the basket-like investment (2) of the smooth muscle cells is evident.
Hematoxylin and eosin staining ( × 800).

Following castration, two parameters show changes: (i) the wet weight of the
gland and (ii) the inhibin content on a per gland basis. The histological changes
described provide a basis for interpretation of the above results. It is clear that the
prostate is indeed an androgen-dependent organ because, following castration, there
is a significant decrease in the degree of cellularity of the gland (Lesser and
Bruchovsky, 1973), mostly reflecting significant loss of the epithelial cells lining the
acini (Rennie et al., 1984). This would explain the decline in wet weight and the
protein content per gland following castration. Since the inhibin content shows a
decline only on the basis of total glandular content, but not on a per mg protein
basis, two conclusions appear justified. Firstly, it is evident that it is the epithelial
cells that are the site of synthesis of prostatic inhibin. Had it been otherwise, i.e.,
had there been an involvement of the stromal or the basal cells in the synthesis of
inhibin, then the content per gland should remain unaffected by castration since
these cells are not influenced by castration. Secondly, the synthesis of inhibin per se
is androgen-independent.
When expressed as µg/mg wet weight of the tissue, the prostatic inhibin content
was the same irrespective of whether the animals were castrated or not. This is in
contrast to most reports in the literature on protein content (Baulieu et al., 1975;
Pousette et al., 1982). For example, Rajalakshmi and Prasad (1975) reported that
castration decreased the incorporation in vivo of labelled amino acids into prostatic
tissue proteins. On the other hand, Franklin et al. (1984) observed that testosterone
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Figure 6. T.S. of rat ventral prostate two weeks after castration.
Histologically, the 2 weeks castrate differs from the normal principally in decreased
acinar size and an increased prominence of the interacinar connective tissue (1).
Hematoxylin and eosin staining (× 800).

Figure 7. T.S. of rat ventral prostate 6 weeks after castration.
The 6 week castrate does not differ markedly from the two week castrate condition,
except in the further progression of involution. Six weeks after castration, the acini show
smaller lumina (1). The height of the epithelium is less than at 2 weeks after castration. The
basal cells (2), smooth muscle cells (3), fibroblasts (4) and mast cells (5) are evident.
Hematoxylin and eosin staining (× 800).
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had no effect on the incorporation of [3H] leucine into the total proteins of
prostatic organ culture explants. Along the same lines, Dube et al. (1983) reported
similar levels of incorporation of [3H] leucine or [35S] methionine into prostatic
tissue slices from intact, castrated or steroid-treated animals, even though
completely different sets of proteins were synthesized. These observations in vitro
have been corroborated by the in vivo studies of Anderson et al. (1983) and
Montpetit et al. (1986) showing that a substantial number of proteins were
differentially induced or repressed by testosterone as evident from two-dimensional
protein maps from normal, castrated and castrated + testosterone treated animals.
Of the secretory proteins, some were clearly regulated in a highly differential
manner but others appeared to be unaffected by castration.
Thus androgen deprivation does not lead to a total shut down of protein
synthesis in the prostatic epithelial cells. However, synthesis of certain types of
proteins, presumably androgen dependent, is shut of even as the synthesis of other
proteins is switched on. Furthermore, the availability or otherwise of androgen
appears to have no influence on the synthesis of certain proteins, one of them being
inhibin.
It appears, therefore, that the prostate is an independent source of ILM thereby
rendering it unlikely that prostatic inhibin is nothing but testicular inhibin
concentrated by prostate from the general circulation. While inhibin synthesis per se
is androgen independent, there is an indirect androgen influence in that, in the
absence of androgen support, there is a significant reduction in the number of cells
competent to produce inhibin.
Dias et al (1983) have reported that the polyamines putrescine, spermidine and
spermine inhibit the binding of [125I]hFSH to receptors from calf testis. It may,
therefore, be argued that the ILA demonstrated by the in vivo bioassay model is
spurious and is to be attributed to the above polyamines of which the rat ventral
prostate is a rich source (Mann, 1964; Pegg and Williams-Ashman, 1969; WilliamsAshman et al., 1969; Williams-Ashman and Loch wood, 1970). Two considerations
strongly militate against such a possibility. In the first place, the very manner of
processing prostatic tissue, involving as it does precipitation of the tissue proteins
with alcohol followed by repeated washings with alcohol and acetone, would
eliminate these amines from the preparations being tested for inhibin activity.
Moreover, while the effect of the polyamines is specifically on FSH-binding by
gonadal receptors, in our assays saline extracts of rat ventral prostate acetone
powder do not suppress uterine weight gain in the hMG-treated mice (Kharbanda
et al., 1985).
In light of the known presence of seminal plasmin as a significant constituent of
seminal plasma (Thiel and Scheit, 1983), de Jong and Robertson (1985) have suggested that the dose-dependent suppression of hCG-induced uterine weight increase in
mice injected with seminal plasma or fractions purified therefrom may well be due
to the ability of seminal plasmin to suppress overall protein synthesis. This interesting suggestion, however, is hard to reconcile with our observation that such samples
have an inhibitory effect only when the animals are treated with hCG but not with
hMG (Sharma, 1987; Malhotra, 1988). The observation that the prostatic acetone
powder extracts also specifically suppressed the hCG-induced but not hMGinduced uterine weight gain (Kharbanda et al., 1985) renders invalid the possibility
that the observed hCG-specific effect is due to proteolytic activity present in the
extract.
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