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ABSTRACT 

Since the discovery of Testosterone-estrogen binding 

globulin (TeBG) eighteen years ago, the subject of serum 

binding globulins has been a topic of great interest and 

extensive study, However, the regulation and role of this 

protein have yet to be determined, Once the function and 

regulation of TeBG is established it can be used as a tool 

to gain insight into the control of binding globulins and 

the steroids they regulate, 

This study showed that rabbit TeBG selectively binds 

testosterone and possesses high affinity for that steroid, 

Castration had little effect on TeBG binding capacity, 

However, following castration of adult male rabbits, the 

administration of exogenous testosterone drastically 

increased the TeBG b nding capacity, This study also re-

vealed that treatment with cyproterone acetate decreased 

the TeBG concentration in serum from both intact and cas-

trated male rabbits. 
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CHAPTER I 

INTRODUCTION 

Testosterone-estrogen binding globulin (TeBG) is a 

serum protein which binds testosterone and estrogens with 

varying affinities. Partial characterization of this 

molecule from various species has shown the protein to 

be present at low concentration and to possess a high af-

finity for certain other steroids (idler and Freeman, 1969). 

TeBG, also referred to as sex hormone-binding globulin 

(SHBG), gonadal steroid-binding globulin (GBG), and sex 

steroid-binding globulin (SSBG) has been quantified, many 

of its physiochemical properties have been determined 

(Danzo e_t al_. , 1982 a,b), and its physiological variations 

have been examined, The" fact that TeBG concentration is 

greatly escalated in serum of men with benign prostatic 

hypertrophy has been established (Minguell £t al., 1979). 

The concentration of TeBG is significantly higher in serum 

of women using oral contraceptives (Bancroft e_t al., 1980), 

and it has been shown that the concentration of TeBG is 

elevated in sera of women with breast cancer (Murayama et 

al., 1978). In spite of these studies, the role of TeBG has 

yet to be determined. It has been suggested that TeBG is 

involved in sex steroid hormone action by controlling the 

concentration of unbound hormone available for target tis-

sues (Westphal, 1971 and Siiteri _et al., 1982). Another 



suggestion is that binding proteins decrease the clearance 

rate of testosterone in blood by reducing the amounts 

extracted by the liver, kidney, and other organs (Hansson 

et al., 1974). If TeBG regulates the free steroid concen-

tration, changes in the amount of the protein may influence 

the level of the free hormone available to androgen depen-

dant tissues. 

TeBG has been identified in the serum of monkeys 

(Petra and Schiller, 1977), skates (Idler and Freeman, 

1969), rabbits, sheep, frogs, man (Corvol and Bardin, 

1973 and Wenn et al., 1977), and salamanders (Burns 

and Rose, 1980), Interestingly, among the eutherian 

mammals, several distinct groups, the rodentia and carni-

vora (Corvol and Bardin, 1973) as well as chiropterans 

and marsupials (Burns, personal communication) have been 

shown to lack TeBG, The TeBG found in rabbit serum 

possesses binding properties, structure, and molecular 

weight similar to that reported for human TeBG (Mahoudeau 

and Corvol, 1973, Mahoudeau _et al, , 1973, and Bordin ejt 

al,, 1978), and therefore provides an opportunity for 

studies on the functional role of serum androgen binding 

proteins using a small laboratory animal, 

In addition to TeBG, whose site of synthesis is un-

known but presumed to be the liver, the rabbit possesses 

another steroid binding protein, androgen-binding protein 
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(ABP), which originates in the testis (Danzo e_t al, , 1982 

a, b, and Ritzen £t al,, 1973). Although rabbit TeBG and 

rabbit ABP have many physicochemical characteristics in 

common, they differ in their subunit composition and their 

hormonal regulation (Danzo ejt al, , 1982 a, b). Rabbit 

TeBG possesses high affinity for testosterone, 5<̂  -dihy-

drotestosterone (DHT), and 5^ -androstane-3«--17^ diol 

(Ep), Since ninety-seven percent of the testosterone in 

plasma is bound to protein, of which forty percent is 

bound to gonadal binding globulin (Ganong, 1981), TeBG 

represents a model protein that can be used to gain more 

understanding of steroid binding proteins. 

The objectives of this research were: 

1, Determine the binding specificity of 

rabbit TeBG, 

2, The effect of physical castration 

followed by exogenous testosterone 

treatment, 

3, The effect of chemical castration 

using the drug cyproterone acetate. 



CHAPTER II 

MATERIALS AND METHODS 

Sexually mature male rabbits weighing 2,0 to 5.0 Kg, 

were used for all studies, New Zealand white rabbits were 

used for the preliminary studies analyzing TeBG concen-

tration, binding specificity, and effect of hormone re-

placement. Dutch rabbits were used for studies concerning 

the effects of physical and chemical castration on TeBG 

concentration, All rabbits were sexually mature as 

judged on the basis of body weight, testicular size, and 

age, All the animals were obtained from a local breeder. 

Upon arrival, the rabbits were weighed and allowed to 

acclimate for one week in a vivarium, The vivarium was 

exposed to normal photo period via a single window, 

The animals were maintained on Purina rabbit chow and 

water ad libitum prior to and during the study. 

Approximately 5 ml. of blood was collected from the 

peripheral artery of the ear in a B-D vacutainer serum 

separation tube. The blood obtained was allowed to clot 

at room temperature for 30 minutes to 1 hour and centri-

fuged at room temperature, at 2000 xg for 15 minutes. 

The serum was collected and stored at -20*C prior to 

TeBG analysis. The serum binding studies were modeled 

after those used by Toft and O'Malley (1972) as modified 



by Burns and Rose (1980). A standard TeBG assay consisted 

of 100 lambdas {K) of serxim, 50/. of ^^-Testosterone (Test, 

(1,2,6,7-^(N))), obtained from New England Nuclear, and 

350A of Sorenson's phosphate buffer (pH 7.4) in plastic 

incubation tubes. The tubes were vortexed and allowed 

to incubate for four hours at room temperature, After 

incubation, 0.5 ml. of dextran coated charcoal was mixed 

with the serum to absorb free steroid and allowed to stand 

for 10 minutes, The mixture was centrifuged at 1270 xg 

for 10 minutes and 0,5 ml, of the supernatant containing 

the labeled steroid bound to TeBG was placed in 10 ml, of 

Beckman Ready-Solv liquid scintillation cocktail and the 

radioactivity determined by a Beckman LS 7500 scintillation 

counter, A 100-fold excess of unlabeled steroid was added 

to eliminate all non-specific binding, A blank containing 

labeled steroid and buffer was run with all serum binding 

experiments to correct for the inability of the preparation 

to absorb the unbound steroid, The amount of testosterone 

bound was calculated from the specific activity of labeled 

steroid present in the sample, 

The first study, involving three New Zealand white 

rabbits as the experimental animals, began on January 12, 

1982, Blood was collected from all animals and the serum 

samples analyzed for TeBG on day 1 of the experiment. 

Once the TeBG concentration was determined in the initial 



serum sample, the binding specificity of TeBG to various 

steroids was determined, The ability of TeBG to bind 

estrone, estradiol, and progesterone, all obtained from 

New England Nuclear, was analyzed utilizing the standard 

assay previously described, The amount of each radioactive 

steroid used was varied in order to compensate for differ-

ences in specific activity, The animals were bled on a 

weekly basis throughout the experiment, which terminated 

April 13, 1982, To determine how the TeBG concentration 

was affected by castration, on day seven of the study 

the animals were anesthesized with 75 mg. Ketamine/Kg, 

body weight and 6.5 mg. promazine/Kg. body weight, and 

castrated by scrotal incision, Androgen replacement 

therapy commenced on day 28 of the study, These animals 

were injected intramuscularly, daily, with testosterone 

(l mg,/Kg, body weight) obtained from Sigma Chemical Co, 

for five days, The carrier for testosterone was propylene 

glycol, 

Dutch rabbits were used in the second study which 

began September 13, 1982, The initial serum samples were 

collected that day from the six animals, and analyzed for 

TeBG, Each rabbit was bled once a week throughout the 

experiment which terminated November 1, 1982, The in-

tact control (uncastrated) animal was randomly selected. 

This animal received no special treatment, but was bled on 
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a weekly basis with the other experimental animals. To 

observe the effect of chemical castration, two animals 

were selected to receive injections of C.A., a gift from 

Schering AG, Berlin, West Germany. On day 7 of the study, 

each animal was injected intramuscularly with 5 mg/Kg. 

body weight/day for five days, These injections contin-

ued until termination of the study, The carrier for C.A, 

was propylene glycol, 

The other three animals were anesthesized and cas-

trated, as described above, on day seven of the study, 

To study the effect of castration, one of these animals 

was randomly chosen to be the castrate control animal, 

The other two castrate animals were given injections of 

C.A. beginning on day 7 of the study, at the same dosage 

and rate as previously described, 

At the end of the study, each animal was sacrificed 

by ether anesthesization, a portion of the liver was re-

moved and a 20 percent homogenate prepared in phosphate 

buffer (pH 7.4). The homogenate was centrifuged at 

20,000 xg for 25 minutes at 4*C and an aliquot of the 

supernatant was assayed for -̂  -testosterone binding activ-

ity. The total protein concentration was determined by 

Bio-Rad Assay Kit (Bradford, 1976). 

The sera samples from all animals in the second 

series of experiments were analyzed electrophoretically 
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with the method described by Ritzen £t al, (1974), using 

a 1% polyacrylamide gel, This method was used to demon-

strate and quantitate binding of radioactive DHT to serum 

TeBG and albumin. The radioactive DHT was dissolved in 

the acrylamide, and as the samples migrated through the 

gel, the DHT was bound by proteins. The gels were sliced 

and the radioactivity extracted from each slice and 

measured. 



CHAPTER III 

RESULTS 

Effect of Castration and Cyproterone Acetate 

Treatment on TeBG Binding Capacity 

In the first series of experiments, the testosterone 

bound to TeBG ranged from 0.10 to 0.13 picograms/ml 

in the initial sera samples (Figure l), Castration 

had no significant effect on the amount of bound testos-

terone (Figure 1), but after three weeks post-castration 

and daily injections of testosterone for five days, the 

testosterone bound to serum protein increased to more than 

4005̂  over any previous sample (Figure 1), In the second 

series of experiments, the testosterone bound to TeBG 

ranged from 0,09 to 0,27 picograms/ml in the initial sera 

samples (Figure 2). It is interesting to note that sera 

from animals at the beginning of Experiment 2 (Figure 2) 

bound approximately twice as much ^^-testosterone as sera 

from animals at the onset of Experiment 1 (Figure 1). A 

possible explanation could lie in the inherent reproductive 

cycle of the animals in that Experiment 1 was conducted in 

the winter and Experiment 2 was conducted in the fall. 

There was a slight decrease in the castrated animal com-

pared with the intact control animal (Figure 2). At the 

end of the C.A, injection period, the animals treated for 

9 
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four weeks showed a significant decrease in the amount of 

testosterone bound to TeBG (Figure 2). 

TeBG Bindine; Specificity 

The steroid binding studies revealed that ^^-testos-

terone binds to serum protein in concentrations 200% 

greater than progesterone (Table 1), In agreement with 

the data in Table 1, Table 2 illustrates the ability of 

various steroids to displace ^-testosterone bound to 

TeBG, Testosterone displaced 85% of the bound radioactive 

testosterone while estradiol displaced only 44?̂ , estrone 

26?á, and progesterone 11% (Table 2), 

Since there was a decrease in the -^H-testosterone 

bound to sera proteins in the animals treated with C.A., 

it was necessary to determine if C.A. was disrupting the 

ability of testosterone to bind TeBG, An in vitro analy-

sis was employed to gain insight into this possibility, 

The data in Table 3 illustrate that under standard assay 

conditions, the addition of C.A. (2 x 10" M) to the incu-

bation tube had no significant affect on the ability of 

testosterone to bind TeBG, 
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Electrophoresis Assay of H-DHT 

Binding by TeBG 

Since rabbit serum possesses other proteins which 

also bind TeBG, sera from the last collection in the 

second series of studies was analyzed, The results are 

shown in Figures 3 - 6 , The fast moving peak to the 

right in Figures 3 - 6 , found in the area of slices 13 -

15, probably represents albumin, which is present in high 

concentration in rabbit sera, The slower moving peak 

found in the area of slices 5 - 7 in Figures 3 - 6 pre-

sumably represents TeBG, The ^H-DHT radioactivity 

associated with the slow moving peak is significantly 

diminished and almost absent in sera from animals receiv-

ing C.A. treatment (Figures 5 and 6) in comparison with 

the intact control animal (Figure 3) and the castrate 

control animal (Figure 4). In contrast, the ^H-DHT 

radioactivity associated with the albumin is approximately 

the same in the intact and castrate samples, and only 

slightly diminished in the two C.A. treated samples 

(Figures 3 - 6 ) , 

Since, the liver is assumed to be the source of TeBG, 

the ability of liver cytosol to bind ^^-testosterone was 

analyzed, The data in Table 4 indicate there is no 

significant difference in the amount of -̂ -̂testosterone 

bound/mg. protein in any of the experimental animals. 
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Figure 1, The effects of castration and 
testosterone injections on 
TeBG binding capacity of sera 
frora each of three rabbits. 
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Pigure 2. The effects of castration and/or 
cyproterone acetate treatment on 
TeBG binding capacity. 

Intact Control 
Castrate Control 
Intact + C.A. (Avg. of 2 animals) 
Castrate + C.A. (Avg. of 2 animals) 
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Table 1. Sex steroid binding capacities of serum from 

intact male rabbits. 

STEROID ^H-STEROID BOUND (pmoles/ml) 

Testosterone 2.7 

Estradiol (E^) 1.3 

Estrone (E^) ' 0.9 

Estriol (E^) 0.6 

Progesterone 0,5 

All \ Steroids at 2 x 10"^ M 
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Table 2. Relative ability of various steroids to displace 
•3C 

"̂ H-testosterone binding from TeBG, 

STEROID RELATIVE BINDING {% %-T) 

%-Testosterone 100 

Testosterone 15 

Estradiol 56 

Estrone 74 

Progesterone 83 

%-Testosterone, 2 x 10"^M; displacing 

steroids 2 x 10"S. 
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Table 3. Effect of cyproterone acetate on -̂ K-Testosterone 

binding to TeBG. 

SAMPLE pmoles BOUND 

ã 

Cyproterone Acetate 2 22 + 0 19 

Added to Incubation Tube 

No Cyproterone Acetate 1.93 + 0.28 

a 
Mean + standard error of the mean. 
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Pigure 3. Polyacrylamide gel analysis of 

. binding of -^H-DHT by serum proteins 

from intact control rabbit. 

j 
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Pigure 4. Ployacrylamide gel analysis of 

binding of -̂ H-DHT by serum pro-

teins from castrate control 

rabbits. 
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Pigure 4. Ployacrylamide gel analysis of 

binding of -̂ H-DHT by serum pro-

teins from castrate control 

rabbits. 

J 
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Figure 5. Polyacrylamide gel analysis of 

binding of ^H«DHT by serura pro-

teins frora intact rabbits that 

received cyproterone acetate ^ 

treatment. 
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Table 4. -̂ -̂Testosterone binding to liver cytosol. 

TREATMENT pmoles ^^-TESTOSTERONE BOUND/mg 
PROTEIN 

Intact Control 9.40 + 2,32 

Castrate Control 9.68 + 1.10 

Intact + C.A, 10,80 + 1.60 

Castrate + C.A. 10,20 + 0.38 

a 
Mean + standard error of the mean. 



CHAPTER IV 

DISCUSSION 

TeBG has been identified in the blood of many verte-

brate species, However, the specificity of this protein 

to bind certain steroids varies significantly, In the 

salamander, Ambystoma tip;rinum, TeBG binds testosterone 

and estradiol-170 with equally high affinity and capacity 

(Burns and Rose, 1980), The thorny skate, Raja radiata, 

has one of the highest concentration of TeBG in plasma 

and binds testosterone, estradiol-17^ , and progesterone 

to a high degree, The data accumulated in this study 

reveal that rabbit TeBG binds testosterone with high 

affinity but has little affinity for estradiol, estrone, 

estriol, or progesterone. These results are similar 

to those reported for huraan TeBG (Mahoudeau and Corvol, 

1973) and TeBG from the monkey, Macaca nemestrina (Petra 

and Schiller, 1977). Furthermore, testosterone was found 

to disp ace 85?̂  of the -^H-Testosterone in competition 

experiments. Estradiol displaced 44?̂ , estrone 265̂ , and 

progesterone displaced only 17%. Again, these results 

indicate that rabbit TeBG is similar to human TeBG with 

respect to binding affinities (Mahoudeau and Corvol, 1973). 

It is generally hypothesized that testosterone has a 

direct affect on the concentration of serum TeBG. However, 

the data presented in this report reveal that castration 

28 
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alone does not have great affect on TeBG concentration. 

This is possibly due to testosterone produced in the 

adrenal cortex in sufficient amounts to stimulate the 

production of TeBG. To gain insight into the possible 

role of testosterone in the regulation of TeBG, C.A. 

was administered to designated animals. C.A, is a 

chemical that directly inhibits the action of 5oC reduc- ' 

tase, the enzyme that catalyzes the conversion of tes-

tosterone to dihydrotestosterone, The data accumulated 

in this study revealed that the animals treated with 

C,A. showed a significant decrease in the serum TeBG 

concentration, Thus, if in fact the liver is the site 

of TeBG synthesis, these data suggest that the liver 

is dependant on testosterone, in the form of dihydro-

testosterone, for TeBG production, The in vitro anal-

ysis of the effects of C.A, reveal that the apparent 

effect of C.A. in vivo is not due to the chemical dis-

rupting the ability of testosterone to bind TeBG. 

Since' the liver is assumed to be the site of syn-

thesis for TeBG, the ability of liver cytosol to bind 

^H-testosterone was explored. There was no significant 

difference in the amount of -^H_testosterone bound/mg, 

protein in any of the experimental animals. As a result, 

these data fail to present any answers to the question 

of the origin of TeBG synthesis. 
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The results of the electrophoretic assay support the 

data accumulated in this study, The leading peak in each 

saraple is presumed to be albumin bound to H-DHT, while 

the following peak is presumed to represent TeBG bound to 

•^-DHT, The second peak was greatly diminished in the 

saraples frora the two aniraals receiving C.A. treatment, 

indicating that the absence of DHT in rabbit serura has an 

inhibitory affect on TeBG concentration, Further research 

is necessary to ascertain the exact chemical nature of 

each protein peak, 

In conclusion, this study has unveiled a possible 

mechanism for the regulation of TeBG in that this regu-

lation appears to be a DHT dependant mechanism, With 

advances and accomplishments in the area of steroid-

binding protein regulation, it is an easier task to 

envisioh further purification of steroid receptors in 

the cytosol of target tissue and the mechanism by which 

hormones induce the production of these proteins. 
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