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A B S T R A C T  

Six silastic capsules, each containing approximately 30 mg d-norgestrel, were inserted 
subcutaneously in 5 women. During treatment the plasma levels of d-norgestrel, 
estradiol and progesterone were determined by radioimmunoassay. 

The highest levels of d-norgestrel in plasma were found initially. Decreasing levels in 
plasma were found during the first 60 days of treatment in most of the patients. 
Thereafter, the d-norgestrel concentrations were found to be fairly constant. Individual 
variations in the levels of d-norgestrel were observed. 

The concentrations of d-norgestrel in plasma did not inhibit the baseline levels nor the 
surges of estradiol in plasma, but ovulation was inhibited in most of the patients. 
Ovulatory pattern of progesterone was restored within 50 days after removal of the 
capsules. 

The calculated lifetime of the capsules suggest a contraceptive efficacy of at least 5 
years. 
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INTRODUCTION 

Since Segal and Croxatto 1967 (1)conceived the idea of combining the slow 
release mechanism of silicone rubber (2, 3) with the contraceptive action of minimal 
concentrations of gestagens (4), many clinical trials using silastic capsules filled with 
various gestagens have been reported (5- 9). The method has been well accepted and 
the pregnancy rates reported, have been low. No serious local or systemic 
complications have been observed. 

The release of minute quantities of gestagens from the silastic capsules would 
theoretically make it possible to achieve contraceptive efficacy for a very long time. In 
contrast to injectable contraceptives, the effect may be interrupted at any time by 
removing the capsules. 

In this work we have studied the ovarian steroid pattern and the d-norgastral level in 
plasma in five women wearing six d-norgestrel silastic implants subcutaneously for a 
period of 180-403 days. The purpose of the study was to relate the d-norgestrel 
concentrations in plasma to the pattern of estradiol and progesterone in plasma in 
women using this contraceptive technique. 

MATERIAL AND METHODS 

The silastic capsules used in this study were obtained from the Polulation Council, New 
York, USA (lots 03 02 73 and 04 02 74). Each capsule contained approximately 30 mg 
crystalline d-norgestrel and was supplied in sterilized packs. The filled length of the 
capsule was 3 cm and the outer diameter 2.4 mm. They were sterilized by 1'-radiation 
(Cobolt 60). Some clinical data on the five volunteer women are shown in Table I. No 
other contraceptive or medication of any kind was used by the participants during this 
study. 

5-10 ml of blood was obtained from a subcubital vein between 8 a.m. and noon. The 
blood was collected in disposable heparin tubes, centrifuged, the plasma frozen and 
stored at below -1 5 ° C until analyzed. Collection of blood was started in the menstrual 
cycle praceeding the implantation of the capsules. On day 5 of the next cycle, six 
implants were introduced subcutaneously in the gluteal region through a No 1 1- gauge 
trocar. Prilocain was used for local anesthesia. Following insertion daily blood samples 
were collected during the first month. For the second month blood samples were taken 
every other day and thereafter every third-sixth day until the study was finished. 
Exception from this schedule was made for the weeks when the participants were out of 
town for holidays. The capsules were removed through an incision. After removal of the 
capsules, blood samples were collected twice weekly until ovulation occurred. 

Table I. 

Subject Age Par i ty  Weight He igh t  Length of Duration of Treatment 
(years) (kg) (cm) cycles bleeding period 

(Mean days) (Mean days) (days) 

LB 32 4 66 167 30 5 190 
BI 22 0 55 173 27 4 317 
GA 22 1 83 165 28 5 230 
AB 25 0 69 170 25 5 403 
UE 32 0 62 170 28 4 180 
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Radioimmunoassays were used for analysing the plasma levels of progesterone (10), 
estradiol (11) and d-norgestrel. An antisera against d-norgestrel-3 (0 carboxymethyl) 
oxime-e aminocaproic acid-bovine serum albumin and tritiated d-norgestrel (15, 16- 
3H) d-norgestrel) with a specific activity of 56 Ci/mmole obtained from Schering AG, 
Berlin, Germany were used in the assay, The antiserum was diluted 1:1000 in 0 .1% 
gelatin phosphate buffered saline solution (PBS). The tracer was diluted in absolute 
ethanol and gelatin PBS. The solution used in the assay contained 110 pg tritiated 
steroid per 100 /~1 0 .1% gelatin PBS. Diethyl ether was used for extraction and 
dextran coated charcoal for separation. The radioimmunoassey procedure and other 
reagents used were identical with those previously described by Edqvist and Johansson 
(11 ). The range of the standard curve was 1 O-1000 pg. The extraction volumes varied 
between 0.2-0.4 ml plasma. 

Sensitivity. The binding in the tube with no plasma and no cold d-norgestrel added was 
53.7 per cent (S.D. 3.87) of the total radioactivity added. When making up the standard 
curves, this binding was arbitrarily called 100 per cent bound. The binding in the tubes 
to which 10 pg d-norgestrel had been added was 93.2 per cent (S.D. 2.8) as read off 
the standard curve. This difference is statistically significant (p ~-~ 0.01 , t-test paired 
data). Analysing samples of plasma from a plasma pool of non-steroid treated women, 
blank values of 0.022 ng/ml (S.D. 0.008) was found, when 1 ml of plasma was 
extracted. In this study, using blood samples from the pretreatment cycle of each 
participating woman, the individual plasma blanks were below 0.025 ng/ml. 

Specificity. No cross-reaction was found for the naturally occurring steroids. 
Norethindrone and R 2323 showed a cross-reaction of 7.5 per cent and 10 per cent, 
respectively. 1-Norgestrel did not cross-react in the system. Nieuweboer and HOmpel 
(12) using the same antiserum from Schering AG, found a cross-reaction of 10 % with 
5a-or 5~-dihydro-d-norgestrel and of 2 %  with 3a-51~- or 5a-3~-tetrahydro-d- 
norgestrel in their radioimmunoassay. 

Accuracy was tested by assaying 0.1 ml of plasma from pools containing known 
amounts of d-norgestrel (1.0 and 5.0 ng/ml). The mean value for the 1.0 ng,/ml pool was 
found to be 0.96 ng (coefficient of variation/C.V./15.5 %) and for the 5.0 ng/ml plasma 
pool 4.48 ng/ml (C.V. 12.5 %). 

Precision of the assay was tested as proposed by Abraham et al. (13). The within assay 
C.V. was 8 %. The C.V. between assays for plasma samples with d-norgestrel levels 
below 1 ng/ml was 16.1% and for samples containing higher concentrations of d- 
norgestrel 11.3 %. All points on the standard curves were significantly different from 
each other (p < 0.001 ). 

In none of the radioimmunoassays, corrections were made for procedural losses neither 
was the plasma blank subtracted. 

The amount of d-norgestrel remaining in the capsules after removal was determined by 
Dale N. Robertson, Ph.D., Biomedical Division, The Population Council, New 
York. 

The bleeding pattern was recorded daily on a bleeding card by the participants. Spotting 
was defined as minimal bleeding, hardly necessitating sanitary protection. 

RESULTS 
Figs, 1-5 present the plasma levels of estradiol and progesterone before, during end 
after treatment with 6d-norgestrel silastic capsules (180 mg). The d-norgestrel 
concentrations in plasma during the treatment period of 180-403 days, and the 
bleeding pattern of the participants are shown as well. 
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Fig. 1. Plasma levels of d-norgestrel, estradiol and progesterone before, during and after treatment with 
silastic capsules containing d-norgestrel. The shaded areas indicate periods of vaginal spotting or blee- 
ding (subj. LB). 

Judged by the plasma progesterone pattern, the five pretreatment cycles were 
ovulatory. After removal of the capsules, the ovulatory pattern for estradiol and 
progesterone was restored within 50 days. 

Subject UE (Fig. 5) did not collect blood samples continuously nor did she have the six 
implants for the decided time. The results obtained for this patient will therefore be 
given separately (vide infra). 

Judged by the plasma progesterone levels, subject LB (Fig. 1) ovulated 82 days after 
insertion of the capsules. Small rises in the progesterone levels were found to occur in 
the same patient between treatment day 160 and 175, and in subject BI (Fig. 2) twice 
towards the end of the treatment period. Two of the volunteers did not show any 
increase in the progesterone concentrations during the treatment time of 230 and 403 
days, respectively (Figs. 3 and 4). 

The estradiol levels in plasma during treatment were in the range found during the 
follicular phase in the menstrual cycle. However, pronounced and broad estradiol peaks 
without subsequent rise in the plasma progesterones were observed, but only 
occasionally was the upper range of the midcyclic peak exceeded. 

The highest levels of d-norgestrel in plasma were found following insertion of the 
capsules. Maximum levels of 1.4 and 0.70 ng/ml, respectively, were encountered in two 
of the participants (Fig. 1-2). Apart from the initial raise, the plasma concentrations of 
d-norgestrel showed only minor fluctuations. The levels found did, however, vary 
between individuals. Subject LB (Fig. 1)showed a higher plasma level throughout 
treatment than did the other three. 
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Fig. 2. As in Fig. 1 for subject BI. 
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Fig. 3. As in Fig. 1 for subject GA 
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The plasma concentrations of d-norgestrel decreased immediately and were 
undetecteable by the assay 5-6 days after removal of the capsules. 

The calculated release rate from the capsules is based on the assumption that each 
capsule contained the average amount of steroid found on assaying 10 capsules 
randomly selected from a batch containing 1200 capsules. The range on lot 03 02 73 
was from 29.75 mg to 32.50 mg with an average of 30.70 rag. The corresponding 
figures for lot 04 02 74 were 28.25 mg to 30.75 mg with an average of 29.68 rag. The 
release rate varied among the participants. 39.4 pg per day was the lowest release 
found (Subj. BI, Fig. 2). The capsules from subject LB (Fig. 1) showed the highest 
release (97.7 pg/day). The calculated values for the other three volunteers were, subject 
GA (Fig. 3) 70.3 pg/day, subject AB (Fig. 4) 52.0 pg/day and subject UE (Fig. 5) 86.6 
pg/day. Calculation of the release in subject UE for the first 60 days of treatment gave a 
rate of 207.7 pg/day. 

The bleeding pattern during treatment was unpredictable. Periods of spotting as well as 
amenorrhea were encountered. No episode of heavy bleeding was observed. 

No infection, pain, haematoma or foreign body reaction at the site of implantation was 
reported by the participants. However, the removal in all the patients was difficult and 
time consuming, as the implants had migrated and were covered by thin fibrotic 
capsules. 

The data on subject UE are shown in Fig. 5. Unfortunately, the collection of blood 
samples in this subject was not continued according to the protocol because of 
personal reasons. With six d-norgestrel implants i n  s i t u ,  a pattern of estradiol and 
progesterone in plasma suggesting ovulation was found between treatment day 38 and 
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52. The concentration of progesterone in plasma was however below 5 ng/ml. Two 
capsules were removed after 55 days of treatment as the patient complained of breast 
tenderness. With four implants left, this subject showed a cyclic increase of the plasma 
levels of progesterone. The levels found were around 5 ng/ml plasma. On treatment day 
180, another 3 capsules were removed. The last implant could not be found. It was 
intended to locate the missing capsule with x-ray later on. but as seen from the 
progesterone levels in plasma (Fig. 5), the patient became pregnant. The pregnancy was 
uncomplicated and the patient delivered a healthy, female baby at full term. The d- 
norgestrel concentration in plasma in this patient was around 0.3 ng/ml the days before 
removal of 2 capsules. Thereafter a decrease to levels around 0.15 ng/ml was found. 
With one capsule left, d-norgestrel was still detectable in plasma (0.05 ng/ml). 

DISCUSSION 

In the present study six silastic implants, each containing approximately 30 mg d- 
norgestrel, have been placed subcutaneously in five women for a treatment period of 
180-403  days. 

A radioimmunoassay for d-norgestrel enabled us to analyse the levels of the gestagen in 
plasma throughout treatment. The highest levels of d-norgestrel in plasma were found 
following insertion of the capsules. Decreasing levels in plasma were found during the 
first 60 days of treatment in most of the patients. Thereafter, the d-norgestrel concentra- 
tions in plasma were found to be fairly constant. However, individual variations in the 
levels of d-norgestrel were observed. 

In a study on the rat, Lifchez and Scommegna (14) found the release rate from silastic 
capsules filled with norgestrel to be higher during the first week than in the following 
weeks. Steroid release was evaluated by the amount remaining in the capsule at the end 
of 1, 2, 4 and 8 weeks. At these times, one of the four original capsules implanted was 
removed. Benagiano et al, (15) used silastic capsules filled with labelled megestrol ace- 
tate in a study on rats. They concluded that absorption from the implants was not con- 
stant. The rate decreased to less than one-half of the mean initial values at the end of 
180 days and large variations were noted between individual collections in the same 
animal during the first month after implantation. 

In a previous study (16), using a silastic rod containing 40 mg d-norgestrel, we also 
found individual variations in the plasma concentrations of d-norgestrel. The highest 
plasma levels of d-norgestrel were found following insertion of the rods, and a decline in 
the plasma concentrations was found during a treatment period of 93 -114  days. It is in- 
teresting to note that the plasma concentrations of d-norgestrel achieved by one rod 
containing 40 mg d-norgestrel were higher than the plasma levels found in the present 
study with six d-norgestrel capsules (180 mg). Factors responsible for irregular release 
from silastic capsules in vivo have been discussed by several investigators (14-16). 

To calculate an average daily release rate after removal of the capsules might be of limi- 
ted interest, but interpreted with caution, it may give some information on the lifetime of 
the method. In this study the amount of d-norgestrel in the capsules before use varied 
considerably. However, the theoretical life-time of six d-norgestrel capsules would be at 
least 5 years. The theoretical life-time would probably be influenced by the fibrotic tis- 
sue capsule surrounding the implants. This tissue capsule is easily observed when the 
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implants are removed and have been histologically verified by Ermini et al. (17). As treat- 
ment goes on, this fibrous capsule may thicken or its density increase and slow down 
the release of d-norgestrel. 

The treatment with six d-norgestrel silastic implants disrupted the normal ovarian 
steroid pattern in all the subjects. Judged by the plasma progesterone pattern, one ovu- 
lation with subsequent formation of a normal corpus luteum occurred (Fig. 1). Rises in 
the plasma levels of progesterone suggesting ovulation, also occurred in subject UE (Fig. 
5). The patient's complaint of breast swelling that caused the removal of two capsules 
coincided in time with the luteal phase and may have been an attack of premenstrual 
tension. The progesterone concentrations in plasma found in this patient were low and 
indicate insufficient corpora lutea. This is likely to be an effect of the d-norgestrel treat- 
ment. Mukherjee et al. (18) showed that administration of small doses of norgestrel re- 
duced the ability of corpus luteum to synthesize progesterone from pregnenolone on in- 
cubation in vitro. This would also explain the small rises in the plasma progesterones ob- 
served in the subjects LB and BI (Figs. 1, 2). 

High and broad estradiol peaks in plasma without subsequent ovulation were found in 
all the patients in this study. This seems to be a common observation during continuous 
treatment with low doses of gestagens. It has been found during daily intake of 0.5 and 
0.3 mg norethindrone (19, 20), following injection of 200 mg norethindrone enanthate 
(21), and during treatment with a 40 mg d-norgestrel rod (16). These surges in the 
estradiol levels in plasma may reflect the development of many follicles or the persisten- 
ce of a developed follicle. In the d-norgestrel rod study we found that the positive feed- 
back action of estrogen on LH release was blocked by the gestagen. 

In this study the six d-norgestrel capsules were inserted subcutaneously in the gluteal 
region as described by Tejuja (22). The removal, however, in all the patients was difficult 
and time consuming. The implants had migrated and were covered by thin fibrotic cap- 
sules which made them hard to find. In later implant studies we have introduced the 
capsules in the ventral aspect of the forearm, as originally proposed by Croxatto et el. 
(5). The removal is then easy and quick. 

Bleeding irregularities have been one of the main objections to the implant method for 
contraception (5, 8), as it also has been for the gestagen injectables and the low dose 
gestagen pills. Our patients showed periods of spotting and amenorrhea, but no episode 
of heavy bleeding. "The bleeding pattern was unpredictable. 

The plasma levels of d-norgestrel found in this study between treatment day 300-400 
were around O. 15 ng/ml (Fig. 2, 4). These are levels found between 12 and 24 hours af- 
ter oral intake of 0.03 mg d-norgestrel (23). It might be suggested that even a small dec- 
rease in the plasma concentration of d-norgestret would allow ovulation to occur and be 
insufficient to prevent pregnancy by means of peripheral points of action, e.g. cervical 
mucus and endometrium. 

In conclusion this study has demonstrated plasma levels of d-norgestrel in women wea- 
ring six d-norgestrel silastic capsules subcutaneously for a period of 190-403 days. The 
concentrations of d-norgestrel in plasma did not inhibit the baseline levels nor the sur- 
ges of estradiol in plasma but ovulation was inhibited in most of the patients. Ovulatory 
pattern of progesterone was restored within 50 days after removal of the capsules. The 
vaginal bleedings were scanty and unpredictable. The patients tolerated and accepted 
the treatment very well. 
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