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SUMMARY 

A comparative study of the characteristics of estrogen and androgen binding in the high speed superna- 
tant fraction (cytosol) of calf anterior pituitary revealed that [3H]-17j?-estradiol and [“HI-testosterone 
were bound to macromolecuIes which sediment at approximately 9 and Ss, respectively, on sucrose 
density gradients. The estrogen and androgen binding macromolecules are distinguishable on the basis 
of their ligand specificity and possess properties which distinguish true steroid hormone receptors 
from other steroid binding proteins. Competitive binding assays indicate that the androgen receptor 
has similar affinities for See-dihydrotestosterone and for testosterone. The affinity constants for the 
17/Gestradiol and testosterone binding reactions were 1.2 x 10” M-’ and 0.8 x lo9 Mm-’ respectively. 
The concentration of testosterone receptor sites was determined as 2 x lo- I4 mol/mg) cytosolic protein 
in the pituitaries of both male and female calves. A statistically significant difference was found in 
the concen~ation of 17&estradiol recentor sites in the male (1.6 x lo-l4 mol/mg protein) and female 
caff (3.2 x IO-“‘mol/mg protein). 

INTRODUCTION 

It has been well established that there are specific 
cytoplasmic receptors for 17~-estradioi in the mam- 
malian anterior pituitary. Such receptors have been 
identified in the rat [l, 2], bovine [3,4] and human 
[S] anterior pituitary. The binding of 17gestradiol 
by specific receptors in the anterior pituitary probably 
plays an important role in both negative and positive 
feedback control of gonadotropin secretion. Andro- 
gens have also been reported to influence gonadotro- 
pie release directly [6]. There are contradictory 
reports as to the occurrence of specific androgen 
receptors in the anterior pituitary which may be due 
to differences in the animal models and experimental 
conditions used. Korach and Muldoon[7] were un- 
able to detect specific androgen binding in anterior 
pituitary cytosol from intact or long-term castrate 
rats. Similarly, Kahwanago et al.[4] failed to detect 
specific androgen binding in the anterior pituitaries 
of steers and adult female cattle. Proteins which 
specifically bind testosterone [8] and Sa-dihydrotes- 
tosterone [9] have been described in the cytosol of 
the anterior pituitary of immature rats. An androgen 
binding protein of anterior pituitary cytosol from 
short-term castrate rats which has properties that are 
typical of steroid hormone receptors has been well 
characterized by Naess et al.[lO, 111. 

To our knowledge there is no previous report of 
specific androgen binding in the bovine anterior pitui- 
tary. The 17&estradiol receptor of this tissue has not 
been completely characterized. In the present study 
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we have examined and compared the binding of 
androgens and estrogens within the high speed super- 
nantant (cytosol) of calf anterior pituitary. The sex 
steroid binding properties of cytosol preparations 
were evaluated with regard to several criteria which 
are characteristic of steroid hormone receptors. These 
properties include ligand and tissue specificity; bind- 
ing affinity and capacity; sensitivity to heat, proteoly- 
tic enzymes, and sulfhydryl group blocking agents: 
and salt dependent changes in sedimentation coefi- 
cients of protein-steroid complexes. Our findings in- 
dicate that the cytoplasm of calf anterior pituitary 
has separate and distinct receptors for estrogens and 
androgens. 

MATERIALS AND METHODS 

Mater&&. [2,4,6,7-3H]-17~-estradiol ( [3H]-17#%E2, 
91 Ci/mmol), [1,2,6,7-3H]-testosterone ([jH]-T, 85 
Ci/mmol), [ 1,2,4,5,6,7- 3H] -5x-dihydrotestosterone 
([3H]-5c(-DHT, 80 Ci/mmol), Triton X-100, and 
Omnifluor were purchased from New England 
Nuclear. Unlabeled steroids, Trizma base, ethylene- 
diamine tetracetate (EDTA), bovine serum albumin 
(BSA), protamine sulfate (Grade l), N-ethylmaleimide 
(NEM), activated charcoal (untreated powder), and 
dextran were purchased from Sigma Chemical Com- 
pany. Pronase (Grade B) was purchased from Calbio- 
them and ultrapure sucrose from Schwarz-Mann. All 
chemicals were of reagent grade or better. 

Tissue. Tissues were obtained from calves (one to 
two weeks old) at a local slaughter house. Skulls were 
opened and pituitaries were removed immediately 
after the animals were killed by exsanguination. Male 
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and female calf pituitaries were kept separate and 
placed in ice cold IO mM Tris-HCl, 1.5 mM EDTA, 
pH 7.4 buffer (TE buffer) containing 0.9% NaCl and 
transported to the laboratory within thirty minutes. 
The anterior pituitary was separated from the pos- 
terior pituitary and capsule. weighed; rinsed in 
IO mM Tris-HCl. 1.5 mM EDTA. 0.5 mM dithiothrei- 
tol, pH 7.4 buffer (TED buffer) at 4°C and minced 
with surgical scissors. In some experiments calf cere- 
bellum was used as a control tissue and was treated 
in the manner described above. 

Anterior pituitaries from three or four animals were 
combined for cytosol preparations. Tissues were hom- 
ogenized in TED buffer which in most experiments 
also contained loo/;; glycerol (TEDG buffer) using 10 
strokes of a Teflon on glass homogenizer. Tissues 
were homogenized in 2-3 volumes TEDG buffer for 
experiments using sucrose density gradient centrifuga- 
tion and in 5 volumes TED or TEDG buffer for those 
using the protamine sulfate precipitation technique. 
A high speed supernatant (cytosol) was prepared by 
centrifugation of homogenates at 105,000 x g for one 
hour using a Beckman 50Ti rotor in a Beckman 
Model L-2 ultracentrifuge at 4 C. 

In some experiments blood was taken from calves 
immediately after death and was allowed to clot at 
O’C. The blood was centrifuged at 1000 x g for 10 min 
in a Sorvall RC-2 refrigerated centrifuge. The serum 
was removed and diluted I : 4 (v/v) with TEDG buffer. 

Sucrose density ~rud~~nt relz~r~~g~tion. Cytosols 
and serum were incubated at O’C in the presence of 
[3H]-17fi-estradiol, [3H]-testosterone or C3H]-5a- 
DHT for one h. In studies of ligand specificity a con- 
centration of unlabeled competitor steroid 100 times 
that of the radioactive steroid was included in the 
incubation medium. The effects of the sul~ydryl 
group blocking agent N-ethylmaleimidc (NEM) on 
ligand binding was investigated by the inclusion of 
5 x 10m3 M NEM in the incubation medium. The 
action of the proteolytic enzyme pronase on steroid 
receptors was determined by incubations of 0.5 ml ali- 
quots of anterior pituitary cytosol with [3H]-17/% 
estradiol or [3H]-testosterone in the presence of one 
mg pronase. The heat sensitivity of steroid receptors 
was investigated by incubating anterior pituitary 
cytosol with C3H]-steroid at O’C for one hour fol- 
lowed by a thirty minute incubation at 37°C. 

In studies of the effects of high salt concentration 
on the sedimen~tion properties of steroid receptors. 
unbound steroid was removed from the cytosol by 
treatment with dextran-coated charcoal. Following 
incubation with C3HJ-steroid at O’C for one h. the 
cytosol was treated for IOmin at 0°C with the resus- 
pended pellet from an equal volume of dextran-coated 
charcoal suspension (O.5T,0 charcoal, 0.05% dextran in 
TED buffer). Charcoal was cleared from the cytosol 
by centrifugation for 10 minutes at 1000 x g. 

Linear 5-l 5% sucrose density gradients (4.8 ml vol.) 
were prepared in TEDG buffer using a Buchler Uni- 
versal mixing chamber (triple outlet) and a Gilson 

peristaltic pump. In some experiments the gradients 
were made to contain 0.4M KCl. Four-tenths ml of 
radioactive ligand labeled cytosol or serum were 
layered onto the gradients. The gradients were centri- 
fuged at 190,~ x g for 16 h using a Beckman SW 
50.1 swinging bucket rotor in the Beckman model 
L-2 ultracentrifuge at 4°C. Gradients were frac- 
tionated by inserting a thin steel tube from the top 
to the bottom of the gradient and removing the 
sucrose with a Buchler peristaltic pump. Three drop 
( = 0.2 ml) fractions were collected directly into liquid 
scintillation vials using an LKB ultrorac fraction 
collector. Two ml of scintillation fluid containing 
Toluene--Triton X-100 (2: 1 v/v) and 0.6:; Omnifluor 
were added to each vial. Radioactivity was deter- 
mined in a Packard model 3002 scintillation spectro- 
meter at 34% efficiency for tritium. 

The sedimentation coefficients of steroid receptors 
were estimated by comparison to the rate of migra- 
tion of 14C labeled bovine serum albumin ([‘“Cl- 
BSA) added to the same or a different gradient 
( + 9000 d.p.m. in 5 ~1 TE buffer). The [14C]-BSA was 
prepared according to the method of Siiteri clt ai. 
[12]. When [‘4C]-BSA was induded in the same 
gradient with C3H]-steroid labeled cytosol the spill 
of 14C counts into the tritium window was subtracted. 

Protaminr su@tf pwcipitath NSSU_V. The prota- 
mine sulfate precipitation technique described by 
Korach and Muldoon[13] with some modification 
was used as an assay for the binding of 13H]-steroid 
within anterior pituitary cytosol. Assays of f3H]-178” 
estradiol binding were performed in cytosols prepared 
in TED buffer and assays of [3H]-testosterone bind- 
ing in those prepared in TEDG buffer. One hundred 
~1 aliquots of cytosol were added to 0.4 ml buffer con- 
taining [3H]-17&E, or t3H]-testosterone in the pres- 
ence or absence of a one hundred-fold excess of unla- 
beled 17/&E, or testosterone respectively. The incuba- 
tion mixtures had a protein concentration of approxi- 
mately one mg/ml. Incubations were performed in 
triplicate in polystyrene tubes (12 x 75 mm, Falcon 
No. 2025) at 4°C. Specific binding was taken as the 
difference in bound radioactivity in the presence and 
absence of a 100-fold molar excess of unlabeled ster- 
oid. 

Following incubation of cytosol preparations with 
[3HJ-steroid, 0.5 ml of TED bunker containing 
1 mg/ml protamine sulfate was added to each tube. 
The tubes were allowed to stand at 4°C for five min 
and then centrifuged at 1000 x g for ten mins. The 
aqueous layer was removed by aspiration and the pre- 
cipitate was washed one time with one ml TED 
buffer. Washing of the tubes in this manner reduces 
the amount of non-specific binding, but has no signifi- 
cant effect on the specific binding of steroid hormone 
by receptor. The bottoms of tubes were cut off with 
a hot blade and the residue was dissolved in 4 ml 
of a Toluene scintillation cocktail containing 0.49:, 
Omnifluor. The radioactivity of samples was deter- 
mined with a 42”,, efficiency for tritium. 
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The equilibrium association constants for the bind- 

ing of 17/%estradiol and testosterone and number of 
steroid receptor sites within anterior pituitary cytosol 

were determined by incubating nine different concen- 
trations of C3H]-steroid in the presence or absence 
of unlabeled steroid at 4°C. The concentrations of 
[3H]-17P-Ez ranged from 0.1-1.7 x lo-‘M and of 
C3H]-T from 0.24.3 x 10e9 M. The values for speci- 

fic binding were graphically analyzed according to the 
method of Scatchard[14]. 

Protein determination. The protein concentrations 

of cytosol preparations were determined according to 

the method of Lowry rt a/.[15] using bovine serum 
albumin as a standard. 

RESULTS 

Tissue specijicity. Sucrose density gradient centrifu- 

gation of anterior pituitary cytosol previously incu- 

bated with [3H]-17/GE, and C3H]-T revealed the 
presence of macromolecules with bound radioactive 

ligand (Fig. 1). The 17/I-E, and testosterone binding 
components sediment at approximately 9s and 8s re- 

spectively. Ultracentrifugation of identically treated 

cerebellum cytosol failed to show the presence of 
macromolecules which bind 17/&E* or testosterone. 
Calf serum was found to contain sex steroid binding 
macromolecules which sediment in the 4s region of 
sucrose density gradients but not in the 8-9s region. 

Ligand specificity. The specificity of ligand binding 

by macromolecules of calf anterior pituitary was in- 

vestigated by incubating cytosol preparations with 
[3H]-17P-E2 or C3H]-T in the presence or absence 

of a lOO-fold molar excess of unlabeled steroids (Fig. 
2). Analysis by sucrose density gradient centrifugation 
showed that unlabeled estradiol or diethylstilbestrol 
(not shown) eliminated the binding of [3H]-17/J-E, 

to 9s macromolecules whereas testosterone was an 
ineffective competitor (Fig. 2-a). Conversely, the bind- 
ing of [3H]-testosterone was completely eliminated 

by a loo-fold excess of unlabeled testosterone or 

5x-DHT (not shown) but was only partially inhibited 
by the same concentration of 17/I-E, (Figure 2-b). 

Androgen binding macromolecules within the anter- 
ior pituitary were also detectable by sucrose density 
gradient centrifugation of cytosols incubated with 
[3H]-5a-DHT (not shown). The binding of [“HI- 
SWDHT was virtually eliminated in the presence of 

excess concentrations of either unlabeled 5x-DHT or 

testosterone. 

The specificity of androgen binding was further in- 
vestigated by incubating calf anterior pituitary cyto- 

sols with 3 nM [3H]-testosterone in the presence or 

absence of various concentrations of unlabeled com- 
petitor steroids and determining the amounts of speci- 

fic binding by the protamine sulfate precipitation 
assay (Fig. 3). Testosterone and Sn-DHT at concen- 
trations l-100 times that of [3H]-testosterone com- 
petitively inhibited specific binding to approximately 

[“C]-BSA 

(b) 

[“cl- BSA 

I 

Fraction Fraction 

Fig. 1. Tissue specificity: a; sucrose density gradient centrifugation sedimentation profiles of male calf 
anterior pituitary cytosol (A---A), cerebellum cytosol (O-O), and serum (M) incubated with 
1 x 1O-9 M [3H]-17p-estradiol. b; Sedimentation profiles of male calf anterior pituitary cytosol 
(A-A), cerebellum cytosol ( o----o), and serum (M) incubated with 1 x 10m9 M [3H]-testos- 
terone. The protein concentrations of pituitary cytosol, cerebellum cytosol and serum were 10.3, 6.3 

and 11.0 mg/ml respectively. 
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Fig. 2. Ligand specificity: a; Sedimentation profiles of male calf anterior pituitary cytosol (protein 
cont. = 9.2 mg/ml) incubated with 1 x 10e9 M [3H]-17/?-estradiol (A---A) in the absence or presence 
of 1 x lo-’ M 17g-estradiol (O---O) or testosterone (M). b; Sedimentation profiles of male 
calf anterior pituitary cytosol (protein cont. = 9.2 mg/ml) incubated with 1 x 10m9 M [3H]-testosterone 
(A---A) in the absence or presence of 1 x lo-’ M 17gestradiol (O---O) or testosterone (M). 

the same extent. These results indicate that the 
androgen receptor has a similar affinity for testoster- 
one and 5~DHT. 

17b-Estradiol was a much less effective competitive 
inhibitor of [3H]-testosterone binding than were 
5~DHT or testosterone. A 220-fold excess concen- 

tration of 17/SEz was required to reduce the binding 
of 3 nM C3H]-T to SOYi of control value (Fig. 4). Cor- 
tisol concentrations up to 3 PM had no significant 

effect on the binding of 3 nM [3H]-testosterone. 
&‘ficts qf proteolytic enzymes. sulfhydryl blocking 

ugents und heat 011 steroid binding. Incubation of 

anterior pituitary cytosols with [3H]-17/SE2 or 
C3H]-T in the presence of pronase results in the com- 

Cone competitor steroid, nm 

Fig. 3. Competitive Binding: Female calf anterior pituitary 
cytosol (protein cont. = 0.7 mg/ml) were incubated with 
3 x 10e9 M [3H]-testosterone in the absence or presence 
of various concentrations of testosterone (M), 
5a-dihydrotestosterone (O---O), 17fi-estradiol ( x ~ x ), 
or cortisol (A-A). Binding was analyzed by the prota- 
mine sulfate precipitation technique and the data were 
expressed as the percentage of total specific binding 

detected in the presence of unlabeled steroid. 

plete loss of C3H]-steroid binding in the 8-9s region 

of sucrose density gradients (data not shown). Treat- 
ment of C3H]-steroid labeled cytosols at 37°C for 
30min also completely eliminates the binding of 

17/?-E, and testosterone to macromolecules which 
sediment at 8-9s (data not shown). The addition of 
5 x 10m3 M NEM to anterior pituitary cytosol mark- 
edly inhibited the binding of [3H]-17/?-E, or [3H]-T 

as measured by sucrose density gradient centrifuga- 
tion (data not shown). These results indicate that the 
17/?-Ez and testosterone binding macromolecules of 

calf anterior pituitary are both heat sensitive proteins 
which require free sulfhydryl groups for binding ac- 

tivity. 
Effect of salt on the sedimentation coeficient C$ the 

protein-steroid complex. Calf anterior pituitary cyto- 

sols previously incubated with [3H]-17P-E, or 
C3H]-T were centrifuged on sucrose density gradients 
in the presence or absence of 0.4M KC1 (Fig. 4). In 

both cases the protein-steroid complex observed in 
the 8-9s region of low salt gradients was converted 
to a 4-5s complex on gradients containing 0.4 M KCl. 

The specificity of the binding observed in the 45s 
region was demonstrated by the fact that the binding 
of both radioactive steroids was virtually eliminated 
by a lOO-fold molar excess of unlabeled steroid. 

Binding of steroids with time. Time studies of the 
binding of C3H]-1 78-E, and C3H]-T in calf anterior 
pituitary cytosol were performed using the protamine 
sulfate precipitation assay in order to determine the 
amount of time required for the binding reactions to 
reach equilibrium conditions. It was found that the 
binding of C3H]-17fl-Ez was maximal after 6 h of in- 
cubation at 4°C and the binding remained stable up 
to 20 6 (Fig. 5-a). The binding of C3H]-T was maxi- 
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Fig. 4. Effect of salt concentration on sedimentation coefficients: a: Sedimentation profiles of female 
calf anterior pituitary cytosol (protein cont. = 7.8 mg/ml) incubated with 1 x 10m9 M [3H]-17/Lestra- 
diol on sucrose density gradients containing no KC1 (A-A) or 0.4 M KC1 (M). Cytosol incu- 
bated with 1 x 10e9 M [3H]-17fi-estradiol in the presence of 1 x lo-’ M 17fi-estradiol centrifuged 
on 0.4 M KC1 gradients (H). b; Sedimentation profiles of male calf anterior pituitary cytosol 
(protein cont. = 12.9 mg/ml) incubated with 1 x 10e9 M [‘HI-testosterone on sucrose density gradients 
containing no KC1 (A-A) or 0.4 M KC1 (O---O). Cytosol incubated with 1 x 10m9 M C3H]-testos- 

terone in the presence of 1 x lo-’ M testosterone on 0.4 M KC1 gradients (M). 

ma1 after 2 h of incubation at 4°C and remained con- 
stant up to 6. h (Fig. 5-b). However, at time periods 

greater than 6 h (12 and 24 h) there was a decrease 
in specific binding of C3H]-T suggesting instability of 

the binding protein-steroid complex under these ex- 
perimental conditions. Therefore, quantitative assays 
of testosterone binding were conducted using incuba- 
tion periods of 4-6 h. 

Suturation analysis. Calf anterior pituitary cytosol 
was incubated in the presence of various concen- 

trations of [3H]-17b-Ez or C3H]-T in the presence 
or absence of a IOO-fold molar excess of unlabeled 

17fl-E, or testosterone, and binding assayed by the 
protamine sulfate precipitation technique. Represen- 
tative plots of 17fi-E, and testosterone binding are 

shown in Fig. 6. Figure 6-a shows that specific 
17fl-Ez binding sites were saturated with approxi- 
mately a 1 nM hormone concentration. However a 
several fold greater concentration of testosterone 
(34 nM) was required to saturate the specific 
androgen binding sites (Fig. 6-b). 

Scatchard plots. The data for specific binding of 
17/&E, and testosterone presented in Fig. 6 were 

graphically analyzed according to the method of 
Scatchard [14] and plotted in Fig. 7. The plot for 

17/GE, binding (Fig. 7-a) indicates a single class of 
binding sites with a K, of 6.5 x 10’ M-l and a con- 
centration of 1.1 x 10-l ’ M. This concentration of 
binding sites is equivalent to 1.2 x 10-14mol per mg 
of cytosolic protein. In comparison, testosterone was 
bound to a single class of binding sites with a K, 
calculated as 1 .l x 10’ M- ’ and a concentration of 

8.6 x 10-“M or 1.1 x 10-14mol/mg protein (Fig. 

7-b). 

Comparison of sex steroid binding in male andfemale 
calves. The data obtained from Scatchard plots for 
17P-E, and testosterone binding in male and female 
calf anterior pituitary cytosols were averaged and 

tabulated for comparison (Table 1). The K, for the 
17fl-E, binding reaction was an order of magnitude 
greater than that for the testosterone binding reac- 
tion. There were no significant differences in the 

association constants for 17/&E2 or testosterone bind- 
ing in the anterior pituitary cytosols of male and 
female calves. 

The difference in the concentrations of androgen 

binding sites in male and female calf anterior pituitary 
cytosols was not statistically significant. However, 
there was a statistically significant difference (P < 
0.01) in the concentration of 17fi-E2 binding sites in 
anterior pituitary cytosols from the two sexes: the 
concentration of 17fi-E2 binding sites in the female 
anterior pituitary is twice that of the male. 

DISCUSSION 

These studies indicate that the cytoplasm of calf 
anterior pituitary contains specific receptors for both 
17/?-estradiol and androgens. This conclusion is based 
on the finding that cytosol preparations of this tissue 
have two distinctly different macromolecules which 
bind estrogens and androgens, respectively, and have 
properties which are characteristic of steroid hormone 
receptors. These properties include steroid specificity, 
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Fig. 5. Time studies of ligand binding: a; Specific binding 
of 5 x lo-“M [3H]-17fi-E, in male calf anterior pitui- 
tary cytosol (protein cont. = 0.7 mg/ml) with time. b; Spe- 
cific binding of 1 x lo-’ M [3H]-testosterone in male calf 
anterior pituitary cytosol (protein cont. = 1.1 mg/ml) with 
time. Nonspecific binding was determined by the inclusion 
of a loo-fold molar excess of unlabeled steroid in reaction 
mixtures and was subtracted from total binding for deter- 
mination of specific binding. Assays were performed using 

the protamine sulfate precipitation technique. 

tissue specificity, heat lability. sensitivity to proteo- 
lytic enzymes and sulfhydryl group blocking agents 
and salt dependent changes in sedimentation coefh- 
cients [ 161. 

Both 17/I-E, and testosterone are bound to satur- 

able, high affinity sites in calf anterior pituitary cyto- 
~01s. The association constant for 17gestradiol bind- 

ing (I 2 x IO’” M-r) was an order of magnitude 
greater than that for testosterone (0.8 x lo9 M-‘). 
These values are similar to those reported for the as- 
sociation constants for 17/r’-estradiol receptors [ 1,2] 
and testosterone receptors [S. 9. lo] in the rat anterior 

pituitary. 
The concentration of 17/I-estradiol receptor sites 

determined in the present studies was 1.6 i 0.2 

x lo-r4mol/mg of cytosol protein in the male calf 
pituitary and 3.2 k 0.3 x IO-l4 mol/mg protein in the 

female pituitary (P < 0.01). These values are an order 
of magnitude lower than those reported for the rat 
anterior pituitary. Korach and Muldoon[Z] reported 
that the concentration of 17/&E, binding sites in the 
rat anterior pituitary was 2 x lo-l3 mol/mg of cyto- 

sol protein. The different 17/J-E* receptor levels in 
the bovine and rat anterior pituitary may reflect a 

difference in the control mechanisms for gonadotro- 
pin secretion in the two species. Korach and Mul- 
doon[2] also found that the concentration of 17/I-Ez 

binding sites was the same in male and female rats 
and immature and adult animals of either sex. Other 
authors have also reported no statistically significant 

difference in the concentration of l7/Sestradiol bind- 
ing sites in male and female rat anterior pituitary [ 17, 

181. The reason for a sex related difference in the 
concentration of 17fl-estradiol binding sites in the calf 

. 

z a 2 

m 

Incubation cone, nM 

Fig. 6. Saturation analysis: a; Binding of various concentrations of [3H]-17/3-EZ by male calf anterior 
pituitary cytosol (protein cont. = 0.9 mg/ml) following incubation at 4°C for 18 h. Specific binding 
(n--A) was determined as the difference between total binding (O-_-O) and binding in the presence 
of a lOO-fold molar excess of unlabeled 17b-estradiol (M). b; Binding of various concentrations 
of [3H]-testosterone by male calf anterior pituitary cytosol (protein cont. = 0.8 mg/ml) following incu- 
bation at 4°C for 4 h. Specific binding (a---n) was determined as the difference between total 
binding (O--O) and binding in the presence of a lOO-fold molar excess of unlabeled testosterone 

(u). Assays were performed using the protamine sulfate precipitation technique. 
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Table 1. Comparison of estrogen and androgen binding in the cytosols of male and female calf anterior pituitaries 

l’lp-Estradiol TeStOStWXle 

K. Receptor ate cont. Number of K, Receptor s,te cont. Number of 

CM-’ x lOLo) (mol/mg protein x 10-14) determinations (M-’ x IO’) (mol/mg protem x 10-‘4) determmatmns 

Male I I f 0.2* I.6 + 0.2 7 8.4 * 0.6 1.7 +03 5 
Felll& I 2 * 0.2 3.2 + 0.3 5 7.7 * 0.x ?.I * 0.5 7 

StatIstIcal NSt P < 0.01t N.S. N.S. 

slgnificancr 

* Standard Error t Not statistically significant $ P value determined by two sample t test 

but not the rat anterior pituitary is not readily appar- 

ent. It is conceivable that in cattle but not in the 
rat the greater concentration of 17/j’-estradiol binding 
sites in the anterior pituitary of the female plays a 

role in the development of cyclicity of gonadotropin 
secretion. 

The present studies did not reveal any difference 
in the binding of testosterone by anterior pituitaries 

from male and female calves. The concentration of 
specific androgen binding sites in this tissue is quite 

similar to the values reported for the rat. The concen- 

tration of specific testosterone binding sites in rat 
anterior pituitary was reported as 1.2 x lo- l4 

mol/mg protein by Naess rt a!.[91 and as 2 x lo-i4 

mol/mg protein by Samperez et al.[8]. 
The discrepancy between the present report and 

that by Kahwanago et a/.[41 with regard to the occur- 
rence of specific androgen receptors in the bovine 
anterior pituitary may be related to the differences 
in the age and hormonal states of the animals used 

and/or the techniques employed. It is conceivable that 
the androgen receptor of calf anterior pituitary is no 

longer present in adult female or castrated male 
cattle. In the present study, but not that of Kah- 

wanago et a1.[4], 10% glycerol was included in cyto- 
sol preparations used for androgen binding assays. 

Bound, MXl# 

Fig. 7. Scatchard plots: a; Analysis of data for specific 
binding of 17/Lestradiol presented in Fig. 6-a according 
to the method of Scatchard [14]. B; Analysis of data for 

specific binding of testosterone presented in Fig. 6-b. 

Androgen receptors have been shown to be stabilized 

by glycerol [19] and this difference may be significant. 
Competitive binding studies indicate that the 

androgen receptor of calf anterior has similar affini- 

ties for testosterone and See-dihydrotestosterone. The 
conversion of testosterone to Sa-DHT may not be 
an essential step in the mechanism of action of 
androgens in the anterior pituitary as in the prostate 

[20]. Naess et al.[lO] reported that 5~DHT and tes- 
tosterone compete equally well with [3H]-testoster- 
one for binding in the rat anterior pituitary cytosol. 

However, those authors also found that 5~DHT was 
extensively converted to 5r-androstane-3a,l78-diol in 

their incubation mixtures, which would cause the 

affinity of 5~DHT for the receptor to be underesti- 

mated. 
Other investigators have determined the equilib- 

rium dissociation constants for both Sr-DHT [S] and 
testosterone [l I] binding in rat anterior pituitary 

cytosol and have found that SE-DHT is bound with 
a greater affinity than testosterone. However, it was 

not determined whether the rat anterior pituitary has 
two different receptors which bind 5x-DHT and tes- 

tosterone respectively or a single androgen receptor 
which binds both but with different affinities. The 

5%-reductase enzyme which converts testosterone to 
5~DHT has been demonstrated in rat anterior pitui- 
tary [21], but the enzyme in the anterior pituitary 

had relatively weak activity compared to that of the 
prostate. Further studies are required to determine 
whether the conversion of testosterone to 5~DHT 
is important in the mechanism of action of androgens 

in the anterior pituitary as it is in the prostate. 
These studies have demonstrated that androgen as 

well as estrogen binding proteins are present in the 
cytoplasm of calf anterior pituitary. By every criterion 
examined these binding proteins have properties that 
are characteristic of true steroid hormone receptors. 

However, the roles these androgens and estrogen 
receptors play in the control of anterior pituitary 
function, particularly in the feedback control of gona- 
dotropin secretion by circulating sex hormones, have 
yet to be elucidated. 
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