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Summary. Male rats rendered diabetic by IV strep- 
tozotocin (65 mg/kg body weight) were treated with 
exogenous insulin or testosterone. Charcoal-coated 
dextran and polyacrylemide gel electrophoresis 
techniques were employed in studying the charac- 
teristics of androgen (R1881) binding to prostate 
cytosol protein. In comparison with normal (N) rats, 
the replacement therapy of diabetic (D) animals with 
insulin (D +I )  or testosterone (D +T)  was able to 
restore epididymal weight (N = 0.40 _+ 0.04 g; D = 
0.18 + 0.02 g; D + I  = 0.42 + 0.05 g; D + T  = 0.40 
+ 0.06 g) and total prostate weight (N = 0.24 + 
0.02g; D = 0.15 +_ 0.02g; D + I  = 0.24 + 0.05 g; 
D + T  = 0.35 _+ 0.06 g). Testicular endogenous con- 
tent of testosterone was restored after insulin treat- 
ment (N = 154 _+ 13 ng/testis; D = 41 + 5 ng/testis; 
D + I = 142 + 9 ng/testis), and significant improve- 
ments of serum testosterone levels were also 
achieved (N = 540 _+ 64ng/100ml;  D = 238 + 
37 ng/100 ml; D + I  = 358 + 18 ng/100 ml). Pros- 
tate cytosol of streptozotocin-diabetic rats had 
strongly lowered capacity for 3H-R1881 binding 
compared with controls (94 and 12 fmol/mg protein, 
respectively). Testosterone treatment produced a 
3.3-fold improvement of this lowered value, whereas 
the increment seen with insulin was less (1.5-fold). It 
is emphasized that some of the improvements caused 
by insulin replacement therapy in diabetic animals 
are due to the partial restoration of testosterone se- 
cretion. Thus, the combined actions of insulin and 
testosterone (instead of insulin alone) seem to be of 
major importance in the maintenance and regulation 
of accessory sex glands function. 
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Sexual and reproductive disturbances have been 
reported in connection with diabetes [1-3]. Diabetes 
in the rat is characterized by atrophy of the accessory 
sex organs [4], paralleled by a clear-cut reduction in 
the biosynthesis [5, 6] and metabolism [7] of andro- 
gens, as well as in the response of target organs to the 
exogenous replacement therapy with testosterone 
[8]. In accessory sex glands of diabetic male rats there 
is a reduced uptake and retention of 3H-testosterone 
[91. 

Several authors have demonstrated both in vitro 
[10, 11], and in vivo [12] that insulin per se can 
stimulate the growth of prostatic lobes through 
mechanisms which are not dependent upon the pres- 
ence either of the pituitary or of the adrenal glands. 
Furthermore, a synergism between insulin and tes- 
tosterone in the maintenance of growth and secretory 
activity of cultured prostatic epithelium [10, 11] has 
been reported. 

The present paper deals with the influence of the 
diabetic state, as well as with the possible role of 
insulin and testosterone, on the content of the cyto- 
plasmic androgen receptor of the rat prostate. 

Materials and Methods 

Steroids and Other Reagents 

The following steroids were used: 5a-dihydrotestosterone (17/3- 
hydroxy-5a-androstan-3-one) (DHT) and [1, 2, 4, 5, 6, 7 - 3H]- 
5a-dihydrotestosterone (3H-DHT) (S.A. 100 Ci/mmol) were 
purchased respectively from Sigma Chem. Co. (St. Louis, Mo., 
USA) and New England Nuclear (Boston, Mass., USA); methyl- 
trienolone (17fl-hydroxy- 17a-methyl-4,9,11-estratrien-3-one) 
(R1881) (Roussel Uclaf): stock solution of 50pmol/ml of 3H- 
R1881 (S.A. 58.2 Ci/mmol) was prepared in a solution of 
toluene-methanol (9:1, v/v); radioinert R1881 (10 nmol/ml) was 
prepared in ethanol. 

0012-186X/80/0018/0385/$01.20 



386 

Acrylamide was from Serva Feinbiochemica (Heidelberg, West 
Germany), agarose from Ind. Biol. Franqaise S. A. (Gennevilliers, 
France), glycerol from Fisher Sci. Co. (Fair Lawn, N. J., USA), 
streptozotocin (lot No 60140) from Upjohn (Kalamazoo, Mich., 
USA) and protamine-zinc insulin from Eli Lilly Co. (Buenos 
Aires, Argentina). For rapid measurements of blood and urine 
glucose, Test-Tape (Eli Lilly) was used; otherwise, blood glucose 
was determined using the Glucostat * kit method (Worthington 
Bioehem. Co., N. J., USA). 

Animals 

Male Wistar, 60-day old (150-200 g) rats maintained with regular 
Purina diet and water ad libitum were used. The animals were 
divided into four different experimental groups of 10 animals 
each: (1) control: injected with a daily SC injection of pure corn oil 
(0.5 ml/kg body weight) during 2 weeks; (2) diabetic: treated with- 
corn oil in the same schedule as the controls; diabetes was induced 
by a single IV injection of 65 mg/kg body weight of streptozotocin 
dissolved in 0.01 mol/1 citrate buffer, pH 4.5. The effectiveness of 
the treatment was evaluated by estimating glucosuria, polydipsia 
and polyuria. Blood glucose was determined at the time of sacrifice 
by the glucose oxidase method. (3) diabetic + insulin." 14 days 
after streptozotocin administration, diabetic rats were injected 
daily for 2 weeks with 2 IU protamine-zinc insulin suspension and 
with corn oil in the same schedule as the preceding groups; (4) 
diabetic + testosterone: in which 14-day diabetic rats were treated 
for 2 weeks with a daily SC injection of 500 ug testosterone pro- 
pionate dissolved in corn oil. Testosterone and insulin administra- 
tions were discontinued 24 h before sacrifice. 

The animals (now 90-day old) were sacrificed (1000h 
throughout) by decapitation, blood was collected and serum was 
stored at - 2 0 ~  for testosterone determination. The prostate 
glands were removed and collected in 3 separate pools for each 
group. 

A separate group of 10 intact control rats was used in the 
determination of the optimum conditions for binding and satura- 
tion studies in prostate cytosol (see below). 

Preparation of 105, 000 g Supernatants 

Prostates were minced and homogenized at 0-4 ~ C in 1:8 (w/v) 
ratio with 0.01 mol/1Tris-HC1 buffer pH 7.4 containing 1.5 mmol/l 
EDTA, 1 mmol/1MgC12 and 0.25 mol/1 sucrose (bufferA), using a 
Polytron * homogenizer (Kinematica, Steinholfhalde), filtered 
through Nytex and centrifuged ad 800 g for 20 rain at 4 ~ C. The 
supernatant was further centrifuged at 105,000 g for 1 h at 4 ~ C in 
a L2-65 B Beckman ultracentrifuge. 

Removal of the Free Endogenous Hormone 

Free endogenous hormone was removed from the cytosol fraction 
by incubating cytosol with dextran-charcoal (DC-1) buffer: 5 g/1 
dextran T-70 and 50 g/1 Norit A charcoal in buffer A in a ratio 
10:1 (v/v) at 0-4 ~ C for 10 min. The steroid adsorbed to charcoal 
was precipitated by centrifugation at 3,700 g at 4~ for 20 min. 
Aliquots of the cytosol were then used for protein estimations. The 
remaining cytosol was used to assay both unoccupied and total 
binding sites. 

Measurement of Unoccupied Binding Sites 

Following removal of the unbound endogenous hormone, aliquots 
of the cytosol (100 ~1 containing approximately 600 ~g protein) 
were incubated under conditions of negligible exchange (16 h at 
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0~ with 3H-R1881 (0.42 up to 5 nmol/1) in the presence or 
absence of a 500-fold excess of radioinert R1881. Separation of 
free from bound 3H-R1881 was achieved by adding 50 gl of dex- 
tran-charcoal (DC-2) buffer: 6.25 g/1 dextran and 12.5 g/1 char- 
coal in buffer A at 0 -4  ~ C for 10 min. After centrifugatinn at 800 g 
for 15 min, aliquots of 100 ,al of the supernatants were taken to 
measure bound radioactivity. For further experiments the saturat- 
ing concentration of 3H-R1881 (4 nmol/1) was used. 

Measurement of the Total Binding Sites 
by Exchange Assay 

The method of Bonne and Raynaud [13] was employed, with some 
modifications. In brief, in order to saturate unoccupied binding 
sites, cytosol stripped of free endogenous hormone was incubated 
with 10 nmol/I DHT at 0 - 4  ~ C for I h. The excess DHT was then 
removed by adding charcoal buffer (DC-1) to cytosol in a ratio 
1:10 (v/v). Following centrifugation at 3,700 g for 20 rain, aliquots 
of the supematant were removed for protein estimations. Portions 
(100 ~tl containing approximately 500 ~tg protein) of the saturated 
cytosol were incubated with 3H-R1881 (4 up to 48 nmol/1) at 
15~ for 16 h. Non-specific binding was determined by parallel 
incubations with 500-fold excess of radioinert R1881 for every 
radiolabelled hormone concentration. Separation of free from 
bound 3H-R1881 was achieved by adding 50 ~tl of charcoal buffer 
(DC-2) at 0 - 4  ~ C for 10 min, and centrifuged at 800 g for 15 min. 
Aliquots of the supernatants were taken to measure the bound 
radioactivity. It was found that the saturation of the total binding 
sites was achieved at a concentration of 20 nmol/1. For further 
experiments this saturating concentration was used. 

Calculation of Results 

The results were calculated as suggested by Katzenellenbogen et 
al. [14]. The difference in cpm between cytosols labelled with 3H- 
R1881 and 3H-R1881 + R1881 was taken as a measure of the 
quantity of DHT receptor. The results are expressed in terms of 
fmol specifically bound hormone per mg cytoplasmic protein. 

Measurement of Specific Binding Protein 
by Polyacrylamide Gel Electrophoresis 

In a separate set of experiments, three groups of 7 male Wistar, 
60-day old rats were used, as follows: control, diabetic, and dia- 
betic + insulin, obtained and handled as described previously (see 
above), except for corn oil injections. One month later all animals 
were castrated and sacrificed 48 h later. Prostates were removed, 
weighed, pooled and homogenized in cold buffer B (50 mmol/1 
Tris-HC1 pH 7.6 containing 1.5 mmol/l EDTA, 1 mmol/1 ditio- 
threitol and 0.25 tool/1 sucrose) in a ratio 1:3 (w/v) using a Poly- 
tron ~ homogenizer at 0 ~ C. The homogenates were centrifuged at 
105,000 g for 60 min at 2 ~ C. Appropriate aliquots of the superna- 
tants were taken for protein measurements. The cytosol fraction 
was incubated under constant shaking for 16 h at 0~ with 1 • 
10-9mol/1 3H-DHT. The specific binding protein was charac- 
terized by polyacrylamide gel electrophoresis (PAGE) according 
to Tindall et al. [15], using 3.25 g/100 ml acrylamide, 0.5 g/100 ml 
agarose and 10 g/100 ml glycerol gels. Samples of 200 ~tl cytosol 
(containing 1 up to 1.2 mg protein) were layered on the top of the 
gels and the electrophoresis was run for 3 h at 2 mA/tube and 
approximately 150 V in 50 mmol/1 riffs, 0.4 moll1 glycine buffer 
pH 8.6 at 0 ~ C. Following electrophoresis, 2 mm-thick slices of the 
gels were put directly into counting vials and scintillation mixture 
was added to determine radioactivity. 
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Other Methods 

Radioactivity was measured in a 3320-Packard Scintillation E 1500- 
Counter with 50% efficiency as determined by internal standard, d. 

Protein was measured by the method of Lowry et al. [16]. d 
Endogenous and serum testosterone contents were determined by -o 
radioimmunoassay [7], being the lower limit of detection in the c 

o ~ l O 0 0 -  standard curve about 10 pg testosterone; the within-assay variance . x~ 
was 8.2% and the between-assay variance 14.6%. 

Total binding sites and K a calculations were performed through 
Scatchard plots of the data [17]. rv I 

Student's t-test was used for statistical analysis. ~ 500-  
r 

Results 

Binding of  3H-R1881 to Rat Prostate 
Cytosol Receptor under Exchange Conditions 

A typical saturation curve obtained with normal ani- 
mals for 3H-R1881 binding to prostate cytosol is 
shown in Figure 1. Specific binding was saturable at a 
steroid concentration of approximately 20 nmol/1, 
after 16 h incubation at 15 ~ C. Through Scatchard 
plots of the data, the association constant (Ka) of 3H- 
R1881 to control cytosol binding protein was found 
to be 0.13 _+ 0.01 x 10 9 mol/1-1. No significant dif- 
ferences were detected in relation to the other groups 
(D = 0.17 _+ 0.02 x 109mol/1-1; D + I  = 0.10 _+ 
0.02 x 109mol/1-1; D + T  = 0.12 _+ 0.01 x 
109 tool/I-I). 

Determination of  Free Binding Sites 

In studies with increasing amounts of 3H-R1881 
(Fig. 2), after 16h incubation at 0~ saturation 
occurred at low steroid concentration (4 nmol/1), 
indicating a limited number of available binding sites. 

Comparison between Normal and Diabetic Rats." 
Effect of  Treatment with Testosterone and Insulin 

The effects of experimentally-induced diabetes and 
of insulin or testosterone treatment are shown in 
Table 1. 

Diabetic animals showed reduced body weight 
gain. The testicular, epidydimal and prostatic weights 
were diminished in streptozotocin-treated animals, 
which had overt diabetes, as proved by the marked 
glucosuria (above 10 g/100 ml) and elevated serum 
glucose levels. Serum testosterone and endogenous 
testosterone contents were lower in diabetic than in 
control rats. 

The mean body weight of the diabetic animals 
was increased markedly by insulin treatment. Tes- 
ticular, prostatic, and epididymal weights increased 
significantly. At the time of sacrifice, many of the 
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Fig. 1. Saturation curve (exchange assay) of the synthetic androgen 
3H-R1881 specifically bound to control rat prostatic cytosol recep- 
tors. Aliquots from a single pool of prostate cytosol from 10 ani- 
mals were incubated for 16 h at 15 ~ C with increasing concentra- 
tions of the androgen in the presence or absence of unlabelled 
R1881 (500-fold). The curve refers to the specific binding which is 
calculated by subtracting the non-specific from the total counts 
(see Materials and Methods). The inset shows the Scatchard plot of 
specific binding 

2000- 

1500- 
d 

o ~ 1000- 

, 500- 

S 
0 

0 
I I I I I 

1 2 3 /, 5 

[3H ]-R1881 odded (nmo l / I )  

Fig. 2. Saturation curve of 3H-R1881 to control rat prostatic 
cytosol receptors. Aliquots from a single pool of prostate cytosol 
from 10 animals were incubated for 16 h at 0 ~ C with increasing 
concentrations of the labelled hormone with (o o) or without 
( o - - o )  a 500-fold excess of radioinert R1881. The specific bind- 
ing ( • 2 1 5  ) was calculated as in Figure 1 

insulin-treated animals were normo- or even hypo- 
glycaemic (Table 1). Both serum levels and endoge- 
nous content of testosterone showed conspicuous 
increases after exogenous insulin, but the serum 
levels remained lower than the control ones. Testos- 
terone treatment increased prostatic, epididymal, 
and testicular weights towards normal values. 
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Table 1. Effects of streptozotocin diabetes and further insulin and testosterone treatments on several tissue and body parameters of male 
rats 

Experimental group 

Parameter Control (17) Diabetic (17) Diabetic + Diabetic + 
insulin (17) testosterone (10) 

Body weight (g) 280 _+42 171 +37 250 _+46 198 _+ 39 
Testicularweight (g) 1.20_+ 0.04 0.71_+ 0.27 1.15_+ 0.17 0.99 _+ 0.21 
Epididymal weight (g) 0.40_+ 0.04 0.18_+ 0.02 b 0.42_+ 0.05 0.40 _+ 0.06 
Total prostate weight (g) 0.24_+ 0.02 0.15_+ 0.02 ~ 0.24_+ 0.05 0.35 _+ 0.06 
Serum glucose (mg/100 ml) 102 _+17 516 --49 b 85 _+24 662 _+170 b 
Serum testosterone (ng/100ml) 540 _+64 238 +37 b 358 _+18 a 1.248 +190 b 
Endogenous testosterone (ng/testis) 154 _+13 41 _+ 5 b 142 _+ 9 - 

Results are given as means _+ SEM. Figures in parentheses indicate the number of animals. Statistical comparisons were made in relation to 
the control values: a p < 0.02; b p < 0.001. Absence of subscript indicates no significant difference 
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Fig. 3. Polyacrylamide gel electrophoresis (PAGE) of androgen- 
binding components in prostatic cytosol. Rats were castrated 48 h 
before being used. The 105,000g supernatants from normal 
( o - - e ) ,  streptozotocin-diabetic (o . . . .  o) and insulin-treated 
diabetic rats ( x - - x )  were incubated for 16 h at 0 ~ C with 1 • 
10 -9 mol/1 of 3H-DHT. Aliquots from every incubation containing 
1-1.2 mg protein were then analyzed for binding by PAGE in 
3.25 g/100 ml gels containing 0.5 g/100 ml agarose 

With respect to the prostate androgen receptors, 
the results (Table 2) show that the diabetic state sig- 
nificantly decreased androgen-binding capacity, 
expressed as total or available cytosol binding sites. 
Exogenous insulin slightly increased the binding 
capacity, and testosterone treatment of diabetic ani- 
mals caused a considerable improvement in these 
parameters. 

Similar results were obtained in qualitative 
studies of cytosol binding protein by PAGE. Figure 3 

Table 2. Comparison of cytosol 3H-R1881 binding sites in pros- 
tates from rats after different treatments 

Cytosol binding sites 
(fmol/mg protein) 

Animals Available Total 

Control 14.8_+ 1.5 a 94.2_11.3 b 
Diabetic 2.8_+1.0 12.6_+ 3.0 
Diabetic + testosterone 29.7+7.7 a 41.1-+ 3.1 a 
Diabetic + insulin 8.4_+1.3 a 18.3-+ 2.4 

Values are means + SEM of triplicate determinations. Each group 
consists of 10 animals, and the prostates were collected in three 
separate pools for every group. Statistical comparisons were made 
in relation to the values from diabetic animals: a p < 0.05; b p < 
0.001. Absence of subscript indicates no significant difference 

shows that, in contrast to normal animals, the pros- 
tate cytosol from diabetic rats failed to show a peak 
of bound radioactivity corresponding to the androgen 
receptor zone, while this receptor was present in 
insulin-treated diabetic rats. 

Discussion 

The effect of experimentally-induced diabetes on 
some sexual functions of the male rat have been pre- 
viously investigated [1-6], and disturbances of 
hypothalamus-hypophysis-gonadal axis have been 
reported [18, 19]. In the present work, the disturb- 
ances determined by streptozotocin diabetes were 
studied after a period of stabilization of the diabetic 
state, rather than in the very acute insulin depletion. 
The animals had frank diabetes, as revealed by 
monitoring serum and urine glucose levels. 

Streptozotocin diabetes clearly impaired body 
weight gain and decreased the weight of the acces- 
sory sex glands. Our results show that the administra- 
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tion of protamine-zinc insulin and testosterone were 
able to restore the weight of accessory sex glands 
(Table 1). This has previously been shown in organ 
culture [10-12]. 

As shown in Table 2, the diabetic state caused a 
marked decrease in the prostate soluble androgen 
receptor, as determined by quantitative methods. 
The qualitative approach (Fig. 3) indicated a similar 
decrease in prostate cytosol androgen-binding capac- 
ity. This finding is in accordance with the observa- 
tions of Oksanen and Tuohimaa [9] who reported 
that streptozotocin diabetes decreased the uptake 
and retention of 3H-testosterone in the prostate and 
other peripheral, androgen-sensitive target organs. 

It is well established that the structure and func- 
tion of the prostate are dependent on the normal 
supply of androgens to the organ. The involution of 
the prostate that follows castration is accompanied by 
a marked reduction of both the cytoplasmic [20-24] 
and nuclear [23, 24] androgen receptor content. This 
depletion can be prevented by the administration of 
androgens [23, 24]. 

The diabetic state produces impaired function of 
the accessory sex glands, which is partially due to the 
disturbances in testosterone/dihydrotestosterone 
metabolism [7, 9]. Howland and Zebrowsky [25] 
have demonstrated in diabetic male rats a marked 
reduction in the testosterone serum level. Also, the 
number of LH-binding sites in Leydig cells from 
diabetic rats is severely lowered, and can be restored 
by treatment with insulin [26]. 

In our conditions, we confirmed that the diabetic 
state is accompanied by severe reduction of both 
serum and testicular testosterone. Treatment with 
exogenous insulin partially restored these to normal 
(Table 1). Also, a slight increase of the prostate 
cytosol 3H-R1881 binding capacity was confirmed 
(Table 2). This effect was even more prominent in 
diabetic, testosterone-injected animals. 

Oksanen and Tuohimaa [9] suggested that insulin 
could interact with testosterone in several ways 
namely, stimulating cell metabolism, facilitating the 
transport of the androgen into cell cytoplasm or even 
modifying the action of testosterone at the transcrip- 
tional or translational level. 

As shown by our results, while testosterone treat- 
ment caused a significant increase in androgen bind- 
ing capacity of prostatic cytosol fraction, insulin 
alone did not completely restore androgen binding 
capacity. The small increase observed when insulin 
was administered could be related to the partial 
restoration of testosterone secretion, as suggested by 
data in Table 1. 

Notwithstanding, the possibility remains that, at 
least in part, some of the disturbances observed in 
diabetic animals could be due to the malnutrition 

concomitant with disturbed intermediary metabo- 
lism. Nevertheless, no differences in Leydig cell bind- 
ing sites have been reported in food-restricted rats 
[26]. 

The present results point to the importance of 
testosterone and insulin on the maintenance and reg- 
ulation of testes and accessory sex glands. 
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