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Comparison of Prostatic Response to Pituitary Grafts in

Castrate Rats Treated with Testosterone

or Dihydrotestosterone

C. S. PRINS AND C. LEE

To understand further the effect of prolactin (PRL) on
prostatic growth, the present study was undertaken to
determine if the augmentation of testosterone (T)-
stimulated growth by PRL is mediated before or after
the formation of dihydrotestoterone (DHT). Mature
male Sprague-Dawley rats were castrated and treated
with subcutaneous Silastic implants containing either T
or DHT. Serum PRL was elevated by grafting, under
the kidney capsule, pituitaries from two female rats,
while controls received grafts of muscle. Three weeks
later, all animals were sacrificed. Animals bearing pi-
tuitary grafts had an average serum PRL level of 125 to
140 ng/ml while PRL levels for controls were 15 to 20
ng/ml. T treatment provided 1.37 ± 0.11 ng T/ml serum
and the DHT capsules produced serum DHT levels of
1.16 ± 0.12 ng/ml. Under these conditions, the lateral
prostate showed a specific growth response to PRL: wet
weight, protein content, protein concentration, and
DNA levels were all significantly greater in engrafted
rats treated with either T or DHT than in their respec-
tive controls. On histologic examination, elevated PRL
levels were associated with proliferative changes of the
lateral lobe which included marked papillary infolding
and acinar epithelial hyperplasia. This alteration was
similar in both steroid-treated groups. These data show
that PRL has the same effect on DHT-maintained lateral
lobes as it does on the testosterone-maintained prostate
and indicate that the PRL effect is not mediated prior to
T conversion to DHT but rather at a site beyond DHT

formation.

Key words: prostate, prolactin, testosterone, dihy-
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Prolactin (PRL) acts synergistically with testos-

terone in promoting growth and function of the rat
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prostate gland (Grayhack et al, 1955; Grayhack and

Lebowitz, 1967; Moger and Geschwind, 1972;

Negro-Vilar, 1980). Recent work indicates that

PRL exerts this effect through a permissive action

on testosterone-mediated prostatic growth (Hol-

land and Lee, 1980); however, the mechanism of

interaction between these two hormones remains

unclear. Testosterone is taken up by the prostate

cell and converted irreversibly via 5 a-reductase to

dihydrotestosterone (DHT), which serves as the

active androgen in that tissue. Since PRL has been

suggested as a regulator of 5 a-reductase activity in

the rat liver (Lax et al, 1976), adrenal (Gustafsson

and Stenberg, 1975; Witorsch and Kitay, 1972),

and ovary (Polan and Behrman, 1981), it is reason-

able to question whether PRL augments growth of

the prostate by stimulating testosterone metabo-

lism to DHT. Previous in vitro experiments that

have addressed this issue have produced con-

flicting reports ranging from no alteration (Las-

nitzki, 1972; Johansson, 1976a) to stimulation

(Yamanaka, et al, 1975) and inhibition of DHT

formation by PRL in the rat prostate (Manandhar

and Thomas, 1976). Additionally, PRL was shown

to inhibit DHT formation in the guinea-pig semi-

nal vesicle (Mawhinney et a!, 1975). It has been

reported that PRL administration to castrate rats

supplied with DHT increased the citric acid con-

tent of the lateral prostate (Walvoord et a!, 1976),

suggesting that the PRL synergism may be

mediated at a site beyond DHT formation. In con-
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trast, others have demonstrated a PRL augmenta-

tion of prostatic androgen metabolism only when

testosterone was administered to rats and not

when DHT was supplied (Edwards and Thomas,

1977). It is presently unknown, therefore, whether

the stimu!atory effect of PRL on the prostate is at

the site of testosterone conversion to DHT.

In light of these reports, the present study was

undertaken to determine if the PRL growth effect

on the androgen maintained prostate is mediated

before or after the formation of DHT. Serum PRL

was elevated with pituitary grafts in castrate rats

provided with either testosterone or DHT im-

plants. The effect of this treatment on prostatic

weight, protein, and DNA content was analyzed

three weeks later and compared with the two

steroid-treated groups. In addition, the effect of

this pituitary hormone was examined at the his-

tologic level in order to determine which cells of

the prostate were influenced by the treatments.

Materials and Methods

Animals and Experimental Protocol

Young adult male (250 to 275 g) and female (200 to 225
g) Sprague-Dawley rats (Charles River, Wilmington,
Massachusetts) were maintained in a controlled envi-
ronment (22 to 24 C; lights on 0500 to 1900 hours)
throughout the course of the experiment. Tap water and
Purina rat chow were provided ad libitum.

Animals were divided into two treatment groups; half
received testosterone treatment and half were treated

with DHT. All animals were castrated via the scrotal
route under ether anesthesia. At the same time, anterior
pituitaries from two females were transplanted under
the right renal capsule of recipient male rats. Control
animals received a sham graft which involved place-
ment of a small piece of muscle under the kidney cap-
sule. Al! rats were then given subcutaneous implants of
Silastic tubing (inside diameter 1.575 mm; outside di-
ameter, 3.175 mm; Dow Corning, Midland, Michigan)
containing either crystalline testosterone or DHT. The
lengths of the implants used (0.5 cm testosterone; 3.0 cm
DHT) produced a serum androgen level which was
submaintainance in relation with prostatic weight.
These levels were desired since results of a previous
study had demonstrated that PRL produces its greatest
growth-promoting effect on the prostate when a sub-
maintainance dose of circulating steroid is supplied
(Holland and Lee, 1980).

Three weeks later, the animals were decapitated.
Trunk blood was collected and the serum fraction stored
in several aliquots at -20 C until assayed for hormone
levels. The three prostate lobes (ventral, dorsal, and lat-
eral) were dissected, weighed and either snap frozen in
liquid nitrogen or fixed in 10% formalin. The adrenal
glands were also dissected, cleaned, and weighed.

Tissue Analysis

Frozen tissue was thawed, homogenized in 2 ml dis-
tilled water at 4 C, and immediately used for quantita-
tion of protein and DNA. The protein content of the
individual lobes was determined according to the

method of Lowry et al (1951), with bovine serum albu-
min as the standard. Tissue DNA levels were quanti-
tated using the diphenylamine technique as described
by Schneider (1957). Calf thymus DNA was used as the
standard. Tissue fixed in formalin was processed
through routine histologic procedures using hematoxy-
lin and eosin (H and E) as stains.

RIA of Serum PRL and Testosterone

The levels of serum PRL were measured in duplicate
samples (50 l for control, 25 zl for pituitary grafts) by
means of double-antibody RLA using the NIAMDD rat
PRL kit, with results expressed in terms of NIAMDD rat
PRL-RP-1 (Schwartz and Justo, 1977). Serum (50 l
aliquots) from castrate rats treated with testosterone
implants was assayed for testosterone by RIA using
Niswender antiserum #250 for testosterone as previ-
ously described (Schwartz and Justo, 1977).

RIA of Serum DHT

Serum from castrate rats treated with DHT implants
was assayed for DHT by RIA following separation by
thin-layer chromatography. Aliquots (0.25 ml) of serum

were extracted twice with 3 ml diethy! ether after adding

a tracer amount of 3H-DHT (New England Nuclear

Corp., Boston, Massachusetts) to correct for procedural
losses. The pooled extract was evaporated to dryness

under nitrogen, reconstituted in 100 p1 acetone, and

spotted in entirety on silica gel-60 plates (Merck;
Darmstadt, West Germany), followed by a second wash
of 50 p1 acetone. A marker solution of 3H-DHT was

spotted on each side of the plate to serve as a reference.
The plates were developed twice in chloroform ethyl
acetate (8:2, vlv). The DHT band was located on the

basis of a predetermined R value (0.64) and confirmed
by analyzing the reference lanes for 3H-DHT. The sam-

ple DI-IT band was scraped into ethanol-rinsed tubes
and the steroid was eluted with three washes of 2 ml
acetone. This fraction when dried was redissolved in 0.5

ml absolute ethanol; 100 p.1was removed for determina-

tion of recovery and the remainder was used for assay,

after evaporation under nitrogen.

The assay used for DHT quantitation was a modifica-

tion of the testosterone RIA (Schwartz and Justo, 1977)
using Niswender antisera #250 for testosterone. The

cross-reactivity for DHT was measured at 58% and the

final antiserum dilution used (1:20,000) allowed 50 to

60% binding of the total radioactive DHT. A standard
curve ranging from 5 to 500 pg/tube was prepared with
authentic DHT (Sigma Chemical Company, St. Louis,
Missouri). The DHT content of the unknowns was de-

termined from this curve after logit transformation. The
lower limit of sensitivity ranged between 10 to 15 pg/

tube. Distilled water blanks and an internal standard of
pooled rat serum were run in triplicate through the en-
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tire assay procedure. The interassay coefficient of vari-
ance was 13.3% and the intrassay coefficients of vari-

ance ranged from 4.1 to 7.9% for values between 20 and

300 pg on the standard curve. The accuracy of the

method was determined in each assay by adding un-

labeled steroid to 50 p.1 plasma pool. An example of re-

covery showed plasma, 0.60 ± 0.04 ng DHT/ml; plasma

+ 1 ng, 1.67 ± 0.07; plasma + 2 ng, 2.61 ± 0.14 (mean ±

SE). In each assay, 50 p.1 serum from ovariectomized-
adrenalectomized female rats were assayed in triplicate
to determine the biological “blank”. This value aver-

aged 7.3 ± 0.7 pg for DHT and was always below the
lower limit of sensitivity of the assay. This “blank”
value was not subtracted from the unknown values in
the present study.

Statistical Analysis

Pituitary-engrafted animals that did not show ele-
vated serum PRL levels upon RIA were excluded from
data analysis. All data are expressed as mean ± SE.

One-way analysis of variance followed by Student’s t-
test were used for statistical analysis (Steel and Torrie,

1960).

Results

The serum hormone levels and adrenal gland

weights observed in the rats after a three-week

exposure to the experimental treatment are shown

in Table 1. Serum PRL levels were significantly

higher in the engrafted animals than in the con-

trols, thus confirming the viability of the graft.

The 0.5 cm testosterone implants gave an average

circulating testosterone level of 1.37 ± 0.11 nglml,

while the 3.0 cm DHT implants provided 1.16 ±

0.12 ng DHT/ml serum. The presence of a pituitary

graft did not significantly alter these circulating

androgen levels or the adrenal gland weights.

The effect of pituitary grafts on the prostate

gland of the castrate rats treated with testosterone

is summarized in Fig. 1. The weight, protein, and

DNA content of the lateral lobe and the weight

and protein content of the dorsal lobe were sig-

nificantly greater in engrafted than in control

animals. These parameters in the ventral lobe

were not altered by PRL treatment. The differ-

ences observed in the dorsal lobe were not as

marked as those in the lateral prostate: the in-

crease in weight and protein content was 19 and

31% (P < 0.05) respectively in the dorsal lobe as

compared with 99 and 140% (P < 0.001) in the

lateral lobe. Only the lateral lobe of engrafted

animals receiving DHT showed a significantly (P

< 0.001) greater weight, protein, and DNA con-

tent than the control group receiving DHT alone

(Fig. 2). The dorsal lobe exhibited a similar trend

(13% increase in weight) but it was not found to

be significant (P > 0.05). The protein concentra-

tion (expressed in terms of DNA) was calculated

for the prostatic lobes in each animal. In both

steroid treatment groups, the lateral lobe alone

showed a marked protein increase (P < 0.05) in

engrafted animals as compared with controls

(Table 2).
Histologically, the lateral lobes of castrate rats

maintained with implants of testosterone or DHT

appeared normal (Jesik, et a!, 1981). Areas of ac-

tively secreting acini, as judged by intense eosinic

stained lumens, alternated with areas containing

little or no secretions (Figs. 3, 4A). The acini

population was a mixture of smooth, rounded

acini and those with infolding of the epithelium to

form papil!ae. The acinar epithelium was lined
with cuboidal or low columnar cells possessing

basally-located nuclei and a supranuclear clear

zone (Figs. 3, 4B). Rats given ectopic pituitary

grafts in addition to testosterone or DHT showed

marked proliferative changes of the lateral lobe

acinar epithelium as compared with their respec-

TABLE 1. Effect of Ectopic Pituitary Grafts and Androgen Implants on Serum PRL and
Androgen Levels and on Adrenal Gland Weight

Testosterone DHT

Control Graft Control Graft

Number of animals
Body weight (g)
Adrenal (mg)
Serum PRL (ng/ml)
Serum androgen’

(ng/ml)

12
332±8

57.6 ±2.8
16.3 ± 2.4

1.45 ± 0.20

12
310±9

61.3 ±4.5
139.6 ± 10.8+

1.30 ± 0.11

13
349±7

52.1 ±2.6
20.4 ± 3.1

1.22 ± 0.18

13
336±7

59.0 ±2.5
123.6 ± 14.9+

1.12 ± 0.16

Values are mean ± SE.

* Testosterone values given for testosterone-treated animals, DHT values given for DHT-treated animals.

t P <0.001; significantly different from control animals in each group.
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Fig. 1. Effect of ectopic pituitary grafts (two pituitaries per

recipient) and testosterone implants (1.36 ng/ml serum testos-

terone) on wet weights, protein, and DNA content of the three

prostate lobes in castrate rats. Each bar represents the mean of

12 rats for weight and eight rats for protein and DNA content,

with SE above.

tive controls. There was a large increase in the

number of acini with papillary infolding and in

the extent of epithelial infolding within each acini

(Figs. 3, 4C). Piling up and crowding of cells was

frequently observed, as was bridging of the

epithelial layer across the lumen; both are mdi-

Ventral Dorsol Laterol

Fig. 2. Effect of ectopic pituitary grafts (two pituitaries per
recipient)and DHT implants (1.14 ng/ml serum DHT) on wet
weights, protein, and DNA content of the three prostate lobes

in castrate rats. Each bar represents the mean of 13 rats for
weight and nine rats for protein and DNA, with SE above.

cators of hyperplastic growth (Figs. 3, 4D). Over-

all, the histologic alterations of the lateral lobe

were comparable in engrafted animals maintained

with either steroid. No significant changes were

noted in the ventral or dorsal lobes.
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TABLE 2. Effect of Ectopic Pituitary Grafts on Protein Concentration (mg Protein/mg DNA) in the Three Prostatic Lobes in
Castrate Rats Maintained with Testosterone or DHT

Testosterone DHT

Control Graft Control Graft

Number of Animals
Ventral
Dorsal
Lateral

12
28.2 ± 3.3
29.3 ± 1.9
18.2 ± 1.4

12
26.0 ± 2.4
33.2 ± 2.0
28.8 ± 1.9’

13
35.8 ± 1.8
36.5 ± 1.7
34.8 ± 2.0

13
36.5 ± 1.7
38.3 ± 1.3
41.0 ± 1.5’

Values are mean ± SE.
‘P <0.05; significantly different from control animals in each group.

Fig. 3. Tissue sections from the lat-
eral prostate of castrate rats treated

with testosterone alone or testoster-

one plus pituitary grafts. A. Testos-

terone treatment alone; acini, loosely

packed within the stromal matrix, are

a mixture of those with a smooth

epithelial lining and those whose

epithelial layer is thrown into folds.

Stained secretions are visible within

the acini (x30). B. Higher power view

of acini with testosterone treatment
alone; cuboidal or low columnar cells

show a basally-located nuclei and a
supranuclear clear zone (x315). C.

Testosterone plus pituitary grafts;

most acini now show infolding of the

epithelial lining and papillary hyper-

plasia. (x30). D. Higher power view

of acini treated with testosterone plus

pituitary grafts; note marked crowd-

ing and heaping up of cells, extensive

epithelial infolding, and bridging of

the epithelial layer across the lumen
(x315).
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Fig. 4. Tissue sections from the lat-

eral prostate of castrate rats treated

with DHT alone or DHT plus pituitary

grafts. A. DHT treatment alone; mix-

ture of acini with a smooth epithelial

layer and those with an infolded epi-
thelium forming papillae. Eosino-

philic secretions fill the lumen (x30).

B. Higher power view of acini with

DHT treatment alone; cuboidal cells
line the acini in an orderly fashion.

Basal nuclei and a supranuclear clear

zone are apparent (x315). C. DHT

plus pituitary grafts; papillary hyper-

plasia and thick epithelial lining are
visible (x38). D. Higher power view

of acini with DHT plus pituitary

grafts; note cell crowding and piling

up, increased cell height and exten-
sive papillary hyperplasia (x380).

The results of the present study clearly indicate

that the effect of ectopic pituitary grafts on the

DHT-maintained prostate of castrate rats is similar

to the effect observed in the testosterone-

maintained gland. The elevated serum PRL levels

produced by the grafts in animals treated with

either steroid were associated with a stimulation

of the lateral prostatic lobe, involving an increase

in cell number (DNA content), an increase in

either cell size, glandular secretions or both (pro-

tein to DNA ratios), and epithe!ial hyperplasia as

seen histologically. This finding correlates with

earlier reports that the rat lateral prostate displays

a specific response to prolactin (Grayhack and

Lebowitz, 1967) and pituitary grafts (Holland and

Lee, 1980) in the presence of testosterone which

includes augmentation of secretion as well as pro-

liferation. The present results confirm and extend
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this observation to include proliferative synergism

between PRL and DHT which resembles the

synergism observed between PRL and testoster-

one. In addition, the histologic data provide visu-

alization of the proliferative effects of PRL on the
rat prostate and demonstrate a particular effect on

the epithelial cell population.

Prolactin has been shown to enhance the ac-

tivities of 5 a-reductase in the rat liver and ovary

(Lax et al, 1976; Polan and Behrman, 1981). Fur-

thermore, an elevated activity of 5 cr-reductase has

been associated with benign hyperplasia of the

human prostate gland (Bruchovsky et al, 1980). It

therefore seems reasonable to speculate that PRL

may likewise stimulate the same enzyme in the rat

prostate, thereby inducing a similar hyperplastic

condition. However, this hypothesis was not sub-

stantiated by the present findings. Since PRL was

capable of synergizing with DHT to promote

prostatic growth in a manner that mimicked the

known synergism with testosterone, the primary

in vivo effect of PRL in the rat does not appear to

be a result of an increased metabolism of testos-

terone to DHT. A similar conclusion was reached

by Keenan et al (1981a,b) concerning the mouse

seminal vesicle, where PRL was found to augment

the proliferative actions of testosterone, DHT, and

5 a-androstane-3 a,17 /3-diol. The present findings

are also in agreement with our earlier observations

(Prins and Lee, 1982) that the rate of conversion of

pulse-injected 3H-testosterone to 3H-DHT in the

three prostatic lobes was not found to be altered

by the presence of pituitary grafts. These data

support the alternative hypothesis that the syner-

gistic effect of PRL and androgen on the rat pros-

tate is primarily mediated at a site beyond DHT

formation in the androgen mechanism of action.
That the dorsal lobe also exhibited a response on

some parameters to the pituitary transplants in the

present study is not surprising since several in-

vestigators have shown a PRL-testosterone syner-

gism on growth and function of the dorsolateral

prostate (Gunn et al, 1965; Moger and Geschwind,

1972; Slaunwhite and Sharma, 1977; Negro-Vilar

et al, 1977). In the present report, animals bearing

testosterone capsules exhibited a significant in-

crease (19%, P < 0.05) in the weight of the dorsal

lobes when pituitary grafts were present; whereas

in the animals treated with DHT, the difference

observed in the dorsal lobe weight with elevated

PRL was not significant (13%, P > 0.05). The dif-

ferences between these two steroid treatments in

terms of the dorsal lobe response to pituitary

grafts could indicate that the PRL-testosterone

synergism is different from the PRL-DHT syner-

gism. However, it should be pointed out that not

only is the dorsal prostate far less sensitive to PRL

than is the lateral lobe (Harper et al, 1976), but its

response to PRL is also less consistent. In our pre-

vious studies, the dorsal prostate did not respond

to the synergistic effect of PRL with testosterone as

was found herein, while a consistent effect was

always noted in the lateral lobe (Holland and Lee,

1980; Prins and Lee, 1982). Thus, if PRL could af-

fect the dorsal prostate in a synergistic fashion in-

volving testosterone and not DHT, it would be at

best an inconsistent effect and one of small mag-

nitude.

That the transplanted pituitary gland may influ-

ence the levels of other hormones in the circula-

tion in addition to PRL deserves a comment.

While it has been reported that anterior pituitary

grafts are capable of secreting small amounts of LH

and FSH in hypophysectomized rats (Lu et al,

1977), it has also been shown that ectopic grafts

diminish LH and FSH production by the in situ

pituitary gland in intact rats, thereby lowering the

circulating level of gonadotropins (Bartke et a!,

1977; McNeilly et a!, 1978). Whether other

adenohyphophysea! hormones are produced or

altered by the pituitary grafts in the rat is not clear

at the present time. It has been shown that plasma

GH levels are not modified by grafts in the male

hamster (Bartke et al, 1980). In the present study,

the adrenal gland weight was not influenced by

the presence of pituitary grafts for three weeks;

therefore, it seems unlikely that the grafts secreted

ACTH in any significant quantity. It should be

noted that even if pituitary grafts secrete small

amounts of other hormones, no consistent stimu-

latory effect on the prostate has been shown for

the other pituitary hormones including GH,

ACTH, FSH, and TSH (Grayhack et al, 1955; Chase

et a!, 1957; Gunn et al, 1965; Moshang and Bon-

giovanni, 1973; Johansson, 1976b). Thus, it is rea-

sonable to assume that the effect of pituitary grafts

on the prostate gland is the result of elevated

serum PRL produced by the graft.
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