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ABSTRACT 

Four experiments were conducted to determine the effect of esteri'cation on the 
release of testosterone and estradiol from capsule-type silicone implants. In cas- 
trated male rats testosterone propionate and testosterone enanthate implants in- 
creased ( P  < .Os) blood testosterone concentrations and seminal vesicle weights 
more than empty and testosterone implants. Testosterone propionate and testoster- 
one enanthate implants released 4 times and 10 times, respectively, more equivalent 
testosterone per em2 per day than testosterone implants. The increase in blood 
testosterone concentrations was proportional to the increase in implant release rate 
for testosterone propionate, but not for testosterone enanthate. Although estradiol- 
17p implants increased ( P  C .Os) uterine weights of ovariectomized rats, uter- 
ine weights in estradiol benzoate implanted ovariectomized rats were I .  3 times 
greater than in estradiol-I 7p implanted rats. Estradiol benzoate implants released 
less than 0.5 times the amount of equivalent estradiol per em2 per day than es- 
tradiol-17p implants. 

INTRODUCTION ness, steroid polarity, and presence of side chains on the 
steroid nucleus (see reference 5 for review). Numerous 
researchers have altered steroid release from implants by 
varying implant size and implant wall thickness; how- 
ever, researchers have made few attempts to alter ste- 
roid release from implants by modifying steroid polar- 
ity and steroid side chains:steroid esters. 

Silicone implants have been used by numerous re- 
searchers to increase steroid concentrations in animals 
since Dziuk and Cook (2) demonstrated that steroids 
would pass through the polymer. The amount of steroid 
release is related to the implant surface area, wall thick- 

*To whom correspondence should be addressed: 1207 W. Gregory Dr., Urbana, IL 61801. 
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Numerous applications for long-term implantation of 
testosterone and estradiol have been developed (refer- 
ence 5 for review, 9,10,12) and capsule-type implants 
have been extensively used in biomedical research (5). 
However, in all cases there is an optimal blood steroid 
concentration and maximal implant size may be a lim- 
iting factor. Therefore, the objective of these studies 
was to determine if steroid esters could be used to en- 
hance secretion of equivalent testosterone and estradiol 
from silicone implants in vivo. 

MATERIALS AND METHODS 

All quantitative data were analyzed by analysis of 
variance (14). 

Falvo et al. (3) and Falvo and Nalbandov (4) and vali- 
dated by Scheffrahn et al. (12). 

Experiment 3 

Twenty-four female Lewis inbred rats were ovar- 
iectomized at 25 days of age and each rat was implanted 
(subcutaneously in the neck) at 28 days of age with a 
3 cm silicone implant containing either nothing, estra- 
diol-l7P, or estradiol benzoate for 13 days. The im- 
plants were manufactured as described in experiment 1. 
There were 8 rats per group. Rats were euthanized on 
the 13th day after implantation and rat uterus were col- 
lected. Uterine weights were determined by weighing 
the uterus immediately after removal and 7 days after 
they were placed in a desiccator (16). 

Experiment 1 
Experiment 4 

Thirty-two Lewis inbred rats were castrated at 25 
days of age and each rat was implanted (subcutaneously 
in the neck) at 28 days of age with 3 cm implants con- 
taining either nothing, testosterone, testosterone propi- 
onate, or testosterone enanthate (8 rats per group) for 
13 days. The implants were manufactured from silicone 
tubing (2.64 mm I.D., 4.8 mm O.D.) by sealing one 
end with silicone rubber adhesive, filling the tubes with 
one of the three testosterones or nothing, and sealing the 
open end of the tubes with adhesive. Rats were euth- 
anized on the 13th day after implantation and trunk 
blood was collected for testosterone analysis by radio- 
immunoassay (3,4,12). Seminal vesicles were collected 
from each rat and weighed immediately after removal 
and 7 days after they were placed in a desiccator (16). 

Experiment 2 

Sixteen mature ovariectomized ewes were assigned to 
one of four groups (4 ewes per group). The ewes were 
subcutaneously implanted in the axilla with implants 
containing either nothing, testosterone, testosterone pro- 
pionate, or testosterone enanthate. The implants were 10 
cm long, 9.5 mm in diameter, and had a silicone wall 
thickness of 3.1 mm. The implants were manufactured 
as described in experiment 1. The implants were placed 
in a desiccator for 72 hours and then weighed before 
implantation. After implant removal, the implants were 
again placed in a desiccator for 72 hours and again 
weighed. Blood samples were collected daily while the 
implants were in situ and were assayed for testosterone 
concentrations via a radioimmunoassay described by 

Four ewes were subcutaneously implanted in the 
axilla with six implants each (two were empty, two con- 
tained estradiol-l7P, and two contained estradiol ben- 
zoate). Implants were similar to those used in experi- 
ment 3 and were left in situ for 35 days. The implants 
were placed in a desiccator for 72 hours and then 
weighed before implantation. After implant removal, the 
implants were again placed in a desiccator for 72 hours 
and again weighed. 

RESULTS AND DISCUSSION 

Testosterone, testosterone propionate, and testoster- 
one enanthate implants increased (P < .05) the wet and 
dry seminal vesicle weights of castrated rats (Table I). 
The wet and dry seminal vesicle weights in the testoster- 
one propionate and testosterone enanthate implanted rats 
were larger (P < .05) than in the testosterone implanted 
rats. When the testosterone implants were placed in 
ewes, testosterone concentrations were increased, again 
more (P < .05) for testosterone propionate and test- 
osterone enanthate implanted ewes than for empty and 
testosterone implanted ewes (Table 2), which was the 
same trend observed for the rats in experiment 1 (Table 
1). The equivalent testosterone released from the im- 
plants was the greatest (P < .05) for testosterone 
enanthate. The equivalent testosterone released from the 
testosterone propionate implants was greater (P < .05) 
than for testosterone implants but less (P < .05) than 
for testosterone enanthate implants. 
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Table 1 

Mean" Seminal Vesicle Weights and Mean a Testosterone Concentrations of Castrated Rats 
Implanted with Testosterone/Silicone Implants 

Testosterone Seminal Vesicle Weights 

Wet Dry Concentrations 
Group (mg) (mi?) (ng/ml) 

Control 15.3 f 2.9b 9.4 f 2.lb 0.1 * O . l b  

Testosterone 555.7 62.2c 128.5 f 10.7c 4.8 f 0.6b 
Testosterone propionate 698.1 f 48.6d 201.4 f l l . l d  75.8 6.9' 
Testosterone enanthate 816.1 f 26.0d 210.6 f 9.4d 60.7 + 7.8' 

aMean * standard error. 
b.c.dValues within the same column with different superscripts differ (P < .05). 

The blood testosterone concentrations for the test- 
osterone propionate implanted ewes were increased by 
3.5-fold over the testosterone implanted ewes. Similarly, 
the equivalent testosterone released from the testoster- 
one propionate implants was 4.0-fold over the testoster- 
one implants. Therefore, blood concentration of test- 
osterone appeared to be increased because of a greater 
secretion rate. For testosterone enanthate implants, 
blood testosterone concentrations were increased by 2.7- 
fold (over testosterone implants) but secretion was in- 
creased by 10.0-fold. This may suggest that although 
more equivalent testosterone was released as an 
enanthate ester, it may be metabolized more rapidly. 
Although testosterone enanthate has been shown to be 
a long-acting ester, Christensen and Kesler (1) observed 

Table 2 

Meana Testosterone Concentrations and Equivalent 
Testosterone Released from Testosterone/Silicone Implants 

Equivalent 

Concentrations Released 
Testosterone Testosterone 

Group ( n g W  (pg/cm*/day) 

Control 0. I b  - 
Testosterone 0.6b 74.8b 
Testosterone propionate 2.1' 2 9 7 3  
Testosterone enanthate 1 .6c 749.4d 

a more rapid metabolism for testosterone enanthate 
when administered directly into the circulatory system. 
Previous research has been conducted with the testoster- 
one esters administered into tissues where it may be 
sequestered for long-term release (see 13 for review). 

Although estradiol-17P implants increased (P < .05) 
dry uterine weights (as compared to controls), estradiol 
benzoate increased uterine weights more (P < .05) than 
estradiol- 17P implants (Table 3). Estradiol benzoate 
increased ( P  < .05) uterine weights even though less 
equivalent estradiol was released daily from the implants 
(Table 4). These data would suggest that estradiol ben- 
zoate implants could be 22% smaller and release only 
37% of the equivalent estradiol than the estradiol-17P 
implants and achieve the same biological effects. 

These results agree with some of the previously pub- 
lished data (5) and disagree with other data (15). Both 

Table 3 

Mean" Uterine Weights of Ovariectomized Rats Implanted 
with Estr~diol/Silicone Implants 

Uterine Weights (mg) 

Group Wet Dry 

Control 176.5 f 71.8b 52.1 5 6.3b 
EstradioLl7p 211.9 f 16.gb 81.5 f 6.7c 
Estradiol benzoate 353.0 f 21.4c 104.1 f 4.6d 

"Mean f standard error. 
b ,c4a lues  within the same column with different superscripts differ 
(P < .05). 

aMean f standard error. 
b,c,dValues within the same column with different superscripts differ 
(P < .05). 
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Table 4 

Mean Equivalent Estradiol Released from 
EstradioMilicone Implants 

Kesler, Christensen, and Wallace 

diol-17P ester (reference 8 for review), should be 
evaluated for use in capsule-type silicone implants. 

Group 
Equivalent Estradiol 

Released (ng/cm2/day) 
REFERENCES 

Control 
Estradiol- 17p 
Estradiol Benzoate 

d.bValues within the same column with different super- 
scripts differ ( P  < .05). 

Kesler (5) and Tojo (15) demonstrated that more test- 
osterone propionate passed through silicone than test- 
osterone in a given time and that testosterone cypionate 
passed through the silicone polymer with more difficulty 
than testosterone. Tojo (15) further demonstrated that as 
lipophilicity of the testosterone ester increased, passage 
through the silicone polymer increased with the addition 
of up to 3 carbons on the alkyl side chain. Although 
testosterone enanthate is more lipophilic than testoster- 
one propionate, it has 7 carbons in the alkyl side chain. 
Results in this study and in the studies by Kesler ( 5 )  and 
Christensen and Kesler (1) suggest that more equivalent 
testosterone as an enanthate ester passed through silicone 
in a given time than testosterone propionate. The only 
difference between these studies and those of Tojo (15) 
was that these studies were conducted in vivo whereas 
the studies by Tojo (15) were conducted in vitro. 

These results demonstrate methods of increasing 
blood testosterone and estradiol concentrations by alter- 
ing testosterone and estradiol esters. For researchers 
manufacturing their own implants, use of esters may 
provide an additional advantage. If the ester is in the 17 
position, it may not cross-react in immunoassays (i.e., 
in contaminated laboratories) as reported for testosterone 
esters by Kesler et al. (7). However, if the ester is in the 
3 position, as for estradiol benzoate, cross-reactivity with 
immunoassays may occur (6). Another consideration is 
the biological activity of the ester once it is released into 
the circulatory system. Esters in the 17 position are not 
biologically active until the ester is cleaved (see 13 for 
review). For example, when the 17 ester of estradiol- 
17p, estradiol valerate, was administered to ewes, the 
estradiol-induced luteinizing hormone surge was delayed 
(11). However, for long-term release this may not be a 
concern and therefore the valerate ester of estradiol-l7D, 
which has been demonstrated to be a long-acting estra- 
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