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The need for effective, safe, and easy-to-use contracep-
tives has not diminished with the advent of the pill and 
the intrauterine device (IUD). On the contrary, concern 
regarding the safety of conventional contraceptives con-

tinues to stimulate new research. One approach to the 
improvement of the effectiveness, safety, and acceptabil-
ity of steroidal contraceptives is to develop long-acting 
preparations and methods of delivery which provide 

programmed medication. This rationale is based on the 
knowledge that side effects of steroid hormones are 
dose-dependent. Accordingly, the degree of risk changes 
in proportion to the dose. The preferred dose isone that 

evokes contraception with minimal risk. 
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The therapeutic concept of minimal intervention and 

how it can be achieved through the programmed deliv
ery of steroidal contraceptives is illustrated in Figure 1. 

The curves compare blood levels of a hypothetical 
steroid following either conventional or improved dellv
ery. In this example, conventional delivery isby the oral 
route, and improved delivery is achieved by the use of 
an injectable formulation which provides programmed 

release. The blood level of the drug necessary for con
traception is represented by a narrow zone. Values in 

excess of the optimal therapeutic dose constitute over
medication with a greater potential for dose-dependent 
side effects, whereas values below the effective range 
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can result in contraceptive failure. Minimal intervention 
fertility control occurs when the steroid is maintained 
within the therapeutically effective dose range. Oral ad-
ministration results in immediate high blood levels that 
decrease with time, and repetitive doses must be given 
at frequent intervals to keep the blood levels within the 

zone. This results in blood steroid fluctuations,effective 
the pe;'ks of which exceed what is necessary for con-

traception. 

The injectable controlled-release system meters the 
steroid into the blood at a controlled rate designed to 
maintain the blood level in the desired range, thereby 
achieving minimal intervention fertility control. Control-
led release allows for reduction in the total amount of 
steroid administered over a prolonged period of time, 
and reduces the chance of human error by eliminating 
the need for repetitive self-administration, 

The methods which have been employed to achieve 

minimal intervention fertility control using steroidal hor

mones are illustrated in Figure 2. These include: steroi-
dal preparations selected for slow release and injectabil-
ity (A); subdermal implants in the form of Silastic cap-
sules and rods containing progestogens which diffuse 
slowly from the implant (B); medicated devices which 
release steroids locally in the uterus, vagina, and cervix 

Figure 2. Long-acting steroidal contraceptive 
systems under current development. 
A. 	 Injectable depot formulations. 
B. 	 Non-biodegradable subdermal Implants, 

capsules, and rods. 
C. 	 Medicated intrauterine devices. 
D. 	 Medicated intravaginal devices. 
E. 	 Medicated intracervical devices. 
F. 	 Biodegradable systems. 

(C,D,E); and biodegradable systems that release 
steroids by diffusion and/or erosion of a biodegradable 
polymer (F). 

Two different approaches have been used in the attempt 
to achieve minimal intervention fertility control, the 
pharmacologic approach, and the systems engineering 

approach. The pharmacologic approach, represented by 

injectable steroids, involves the use of compounds hav
ing iatrinsic chemical properties which provide slow re
iease. These include solubility of the drug in the body 
fluid at the injection site, affinity for receptors in the 
body fluid and tissues, and rate of metabolism and 
excretion from the body. The systems engineering ap
pro.ch utilizes inert drug carriers to control the rate of 
drug release. Although the degree of cor, rol may vary 
from one carrier to the next, the systems approach can 
be distinguished from the plharmacologic approach on 

of controlled-release mechanism which istheneitherbasisa bodya nor a drug component. 

Long-acting steroidal contraceptive systems can be 
further classified as those designed for systemic or local 
delivery. The implant and injectable systems, as well as 
medicated intravaginal devices, are designed for sys
temic delivery; whereas medicated intrauterine and in
tracervical devices are intended for local delivery. The 
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rationale for local delivery is to reduce the steroid load 
even further by direct delivery to the target organ. 

The effort to develop new long-acting steroidal formula-
com-tions and improved delivery systems for existing 

pounds represents a goal-oriented task which includes 

both applied and basic research of a diverse nature. Thethscommicaiearh reiewe ateTfbpurped and isoto review the state ofpurpose of this communication 
contraceptive

the art relating to long-acting steroidal 

systems, with emphasis on systems that have the poten-
tial to provide minimal intervention fertility control. 

Injectable Depot Formulations 

The first contraceptive steroids were syn-
thetic progestogens which had to be adminis-

tered at frequent intervals because they had short 
biologic half-lives. The synthesis and screening of new 
compounds led to the discovery of structures having 
longer durations of action which made administration by 
injection an attractive alternative to oral contraception, 

Two progestogens, mcdroxyprogesterone acetate (MPA) 

and norethindrone enanthate (NET-EN) emerged from 

early work as promising injectable formulations.this 
Upjohn Pharmaceuticals developed MPA under the 

trade name Depo-Provera, and Schering AG developed 

NET-EN under the trade name Noristat. Other proges-
togens which have been administered by injection in-
clude hydroxyprogesterone caproate (Delalutin, 
Squibb), dihydroxyprogesterone acetophenide (Dela-
droxate, Squibb), levonorgestrel undecylate (Schering 
AG), and levonorgestrel nonanoate (Schering AG). 

Medroxyprogesterone acetate (MPA) was first used for 
and endometriosis. Atreatment of habitual abortion 

single dose (Ig to 4 g) of MPA for the treatment of 

premature labor was found to protect against pregnancy 
for 12 to 24 months (29). On the basis of this lead, 

smaller doses have been evaluated for use as long-acting 

injectable contracepves. A dose of 150 mg every 90 
days resulted in a pregnancy rate of 0 to 1.2 per 100 
woman years following 77,000 woman years of use 
(11). Wilson et al. (150) suggested increasing the dose 
to 200 mg to protect patients who fail to return to the 
clinic or physician's office on schedule for repeat injec-
tions, and doses of up to 1,000 mg have been investi-
gated with and without suppleme,,tal estrogen (158). 
Increasing the dose to 400 mg extends the duration of 
effect to six months (28, 113); however, this dose causes 
an increase in bleeding abnormalities, 

Different treatment interval combination formulations 
have been investigated: 25 mg of MPA in combination 
with 5 mg estradiol cypionate every 30 days resulted in 

zero pregnancies following 623 injections in 104 women 
10 mg estradiol every 35

(28); and 50 mg MPA plus 
days resulted in zero pregnancies in 1155 months of use 

in 90 women (121). 

A comparison of 6- and 3-month treatment regimens, 
,,sing 300 and 150 mg MPA respectively, revealed 40% 
drug-related dropouts in the 6-month group, compared 

tou oly 25% in th group 4) a ( 1 

tonly 6- ind 3-month r oup interal ( 111) 

compared 6- and 3-month treatment intervals (450 and 

150 mg MPA respectively) and found a greater preg
nancy rate with the longer-acting system (0.4943 vs.0.1069) during 220,530 woman months of use. 

The major side effect of MPA is irregular bleeding. 
Bleeding often increases at first, but decreases with 
repeated injections, leading to amenorrhea. in one 
study, 35% of 272 women became amenorrheic during 

therapy (79), and another study reports a 50% incidence 
of continuous therapyof amenorrhea after 3 years 

(103). Side effects other than bleeding irregularities
which have been reported include decreases in libido, 
weight changes, edema, and headaches (29). 

Blood levels following injection of 150 mg of MPA 
reached a mean value of 3.57 ng/ml by one week 
post-treatment and declined to 0.6 ng/ml by 12 weeks 

(72). Blood levels in the 10 to 25 ng/ml range at 5-20 

days post-treatment decreased to 5 to 10 ng/ml by 30 

days post-treatment, followed by a more gradual decline 

through day 260 (72, 73). The minimum blood level of 

MPA necessary to inhibit ovulation is 0.5-1 ng/ml. 

Delay in return to fertility may be a side effect of MPA 
treatment. Conception or return to normal menses oc
curred following discontinuation of treatment (250 mg 
MPA every 3 months) within four to seven months in 
183 women following 38,599 months of use (78). In 
another study, 50% of the women desiring pregnancy 

conceived at 7 to 12 months post-treatment (79). 

McDaniel (88) reported an 80% pregnancy rate within 

12 months. McDaniel and Pardthaisong (89) claim that 

return to fertility following MPA contraception is no 

different from that with the pill, IUD, or no contraception 
at all. 

Norethindrone enanthate (NET-EN) was first synthesized 
by German scientists in 1953. Schering AG began clini
cal trials using NET-EN in 1957 as an injectable con
traceptive. Although the drug was originally tesied in a 
200 mg dose given every 3 months (157), unacceptable 
pregnancy rates in the early clinical trials necessitated a 
change in the treatment interval (12, 21, 157). 

Complete inhibition of fertility resulted during 1,606 
woman months of use by 295 women receiving 200 mg 
every 8 weeks for 24 weeks with subsequent injections 
at 12-week intervals (52). In another study, 50 or 70 mg 
NET-EN in combination with 5 or 10 mg of estradiol 
undecylate, given once a month, resulted in zero preg
nancies in 80 women following 823 treatment cycles 

12 months,(76); the continuation rate was 83.8% at 

with only 5% drug-related dropouts. 

Following intramuscular administration of 200 mg of 
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NET-EN, serum NET concentrations ranged from 4 to schedule (60). Return to spontaneous ovulation usually 

23 ng/ml during the first 20 days, and were undetectable occurs within 4 to 6 months following treatment with 

by 46 to 110 days post-treatment (63, 145). deladroxate (60, 77, 112, 131). 

Peak serum NET levels in the 8 to 23 ng/ml range 
occurred between day 4 and day 15 in women treated 
with 200 or 300 mg NET-EN (54). Serum levels re-
mained high for the first 20 days, decreased precipi-
tously to approximately 2 to 4 ng/ml, and then declined 
gradually. The minimal effective blood level of NET 
necessary to inhibit ovulation is approximately 1 ng/ml. 

Ovulation can occur within 60 days post-treatment with 
200 mg NET-EN (50, 63, 145), and the duration of 
ovulation inhibition varies between 45 and 150 ays 
(38, 54, 76). 

The current consensus regarding the mechanisms of 
contraceptive action is that during the first 4 to 6 weeks 
NET-EN works through ovulation inhibition, and during 
the second 4 to 6 weeks through disruption of normal 
pituitary ovarian regulatory mechanisms, resulting in re-
duced or abolished LH/FSH surges and/or insufficient 
luteal function (26) 

It has been known since the 1930s that esterification of 
hydroxylated steroids results in a prolonged effect and 
augmented biological activity. This knowledge led to the 
manufacture of many steroids that have potential for use 
as injectable contraceptives. In the first clinical trial using 
an injectable contraceptive, a zero pregnancy rate was 
reported using 500 mg of hydroxyprogesterone caproate 
every 4 weeks (126). After six injections, 10 mg estradiol 
valerate were added to control intermenstrual bleeding. 

The successor of this compound, dihydroxyprogesterone 
acetophenide (150 mg) and estradiol enanthate (10 
mg), has been effectively employed as a monthly inject-
able contraceptive (Deladroxate, Squibb) without a 
single reported pregnancy in over 15,000 woman 
months of use (11). Several dose combinations have 
been evaluated in preliminary trials, with the deladroxate 
dose being the most acceptable (77). This regimen, 
although effective, has the disadvantages of causing 
bleeding irregularities and requiring a strict injection 
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Levonorgestrel nonanoate and levonorgestrel undecy
late represent the newest of the injectable progestogens. 
Both compounds exhibit satisfactory in vivo release pro
files in animals, and the rate of clearance from the blood 
has been shown to be inversely proportional to fatty acid 
chain length (66). Preliminary studies in humans indi
cated that the fatty acid moieties do not undergo hy
drolysis in vivo, restricting the bioavailability of the drug
(128). Peak blood levels of only 4 to 700 pg/ml were 
achipved after treatment using 100 mg of levonorgestrel 
nonanoate. Levels then dropped to 50 to 150 pg/ml and 
remained there for 130 days or mor.. Glycolic acid has 

been used to link the steroid to the fatty acid in an 
attempt to improve the cleavability, hence bioavailabil
ity, of these long chain fatty acid esters (67). This 
significantly improves the in vivo release profiles. 
In summary, the injectable progestogens are effective, 
convenient, and easy to administer; they do not inhibit 
lactation, they free the patient from having to remember 

to take medication on a daily basis, and they are free 
from side effects of estrogen. The disadvantages are as 
follows: treatment cannot be immediately reversed; 
there isa greater incidence of irregular bleeding; there is 
possible delay in return to fertility; self-administration is 
impossible; and there is a limited choice of compounds 
available for use. 
The most significant shortcoming of the injectable pro
gestogens is the poor linear release profile. Figure 3 

shows a typical blood profile following treatment by 
intramuscular injection with NET-EN. The initial blood 
levels of NET far exceed that which is necessary for 
effective contraception. There isa gradual decline during 
the first few weeks post-treatment before NET passes 
through the zone of minimal therapeutic intervention. 
Slow release in this instance does not satisfy the concept 
of minimal intervention fertility control. Similar blood 
profiles have been reported following treatment with 
MPA. 
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Although there is little doubt that the approach is ex-
tremely attractive, the role of the injectable progestogens 
remains uncertain. At present, the choice is limited to 

only a few compounds, and although the search is 

ongoing, new compounds having more acceptable re-
lease profiles are not yet available, 

Norethindrone was found to be ineffective in preventing 
to 12 implants containingpregnancy with use of up 


20-30 mg of NET each (15, 110). Gestrigone (R-2323),
 
delivered by Silastic implants, is effective in preventing
 

pregnancy. However, it has been excluded from further
 
use as a systemic contraceptive because it has been
 
shown to elevate transaminase levels in Chilean women
 

Subdermal Implants (2). 
The evolution of contraceptive implants The 19 norsteroid ST-1435 has a high rate of in vivo 

release from Silastic capsules (40 mg/cm/day) and prowhich utilize an inert carrier to control the 
whic utliz toconrolthe vides effective contraception when used as a singleaninet cnie 

began in 1964, with ieefctvcorapinwhnudasaiglrate and duration of drug release 
ruele ban in 1964, whaimplant (27). The rapid rate of release, however, limitsdatiionute adcoverythe that silicone rubber can be used as a thduaonoleshnoeyardiscovery 

carrier for prolonged drug therapy (49). The passage of 

steroids through silicone was first described in 1966 
(44), and Segal and Croxatto (123) were the first to 
suggest the use of silicone rubber implants for the deliv-
er, of contraceptive steroids. 

Subdermal Silastic implants impregnated with megestrol 
acetate (MA) were shown to be effective in preventing 
pregnancy in early clinical trials (30, 31, 32, 33, 132). 
The original aim for the implant was to administer a 
daily dose of progestin sufficient to inhibit fertility with-
out interference with normal ovarian function. High 
pregnancy rates with single implants (31) prompted the 
use of multiple devices in order to achieve higher blood 
levels of the progestin and longer durations of release 
(30, 32). Four capsules provided 9 to 10 months' pro-
tection; five capsules provided protection for 12 to 15 

months; and six capsules, 18 months. The Pearl Index,,, 

when five capsules were used, was 3.2, and 0.8 when 

six capsules were used, suggesting more effective con-
traception with higher doses. Intermenstruai bleeding or 
spotting occurred in 6% of the cycles; hypermenorrhea 
in 7.8% of the cycles; and the incidence of amenorrhea 
was only 3.6%. 

In spite of promising early results, work on the implant 
came to an abrupt halt when investigators reported that 

MPA induced the formation of breast nodules in beagle 
dogs (45). This began a wave of studies to find an 

acceptable substitute for MPA (2, 15, 24-27, 34, 36, 37, 
39-41, 48, 61, 68, 69, 74, 97, 110, 133, 143, 146-149). 

The contraceptive effectiveness and acceptability of 
Silastic subdermal implants containing either levo-
norgestrel or norgestrienone have been compared in a 
multi-national clinical trial (68, 69). Four hundred 
ninety-two women treated with levonorgestrel capsules 
(180 mg) had a cumulative 12-month pregnancy rate of 
0.6% and a continuation rate of 74.6%. Four hundred 
ninety-eight women treated with norgestrienone cap-
sules (180 rg) had a cumulative 12-month pregnancy 
rate of 3.5% and a continuation rate of 79.4%. The 
major side effect ior both steroids was irregular bleeding 
patterns. The rates of termination due to bleeding ir-
regularities were 12.3% for levonorgestrel and 4.3% for 
norgestrienone. 

year.the duration to less than one 

Lynestrenol has in vivo release rates from Silastic cap
sules even greater than ST-1435 (i.e.. 60 mg/cm/day), 
and studies have heen discontinued because of rapid 
release (146). 

Silastic capsules 22 mm long and containing 40 mg of 
norethindrone acetate, and which have an in viuo re
lease rate of 128 1Lg NET/day, provide protection 
against pregnancy for approximately 10 months (15, 61, 
74, 110). The short duration of effect represents a 
disadvantage, compared to other longer-acting implants. 

The in vivo release profiles are similar for all progestins: 
rapid decrease in rate of release for the first 50 to 100 
days followed by a much slower decline rate. The 
plasma levels of the progestins delivered from Silastic 

as threefold between individualimplants vary as much 

subjects treated with identical implants (98).
 

In general, it can be concluded on the basis of the 
clinical studies that Silastic implants containing synthetic 
progestogens are effective in preventing pregnancy and 
represent an acceptable form of contraception for some 
populations. The duration of effect is dependent on the 

rate of release of the steroid from the Silastic capsule. 
Accordingly, steroids having higher rates of release have 

correspondingly shorter durations of action, whereas 
steroids having lower rates of release have longer dura
tions of action, but require multiple implants in order to 

deliver effective daily doses. If one balances the number 
of capsules necessary to give contraceptive protection 
against duration of release and side effects, levonorges
trel and norgestrienone appear to be the most attractive 
steroids for use in subdermal Silastic implants. 
Levonorgestrel is a more effective contraceptive. The 
incidence of irregular bleeding, however, is significantly 
greater for levonorgestrel than for norgestrienone. 

The use of Silastic rods instead of capsules to obtain 
higher rates of levonorgestrel release reduces the inci

dence of breakthrough bleeding and increases 
amenorrhea. The estimated in uivo release rate from 
rods is three to four times greater than from capsules 
(148). Bleeding irregularities can be controlled to some 
extent by adjusting the daily dose of the progestogen. 
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There is also some evidence to suggest that the inci-
dence of intermenstrual bleeding decreases with time 
(58). Successful use of subdermal implants on a wide 
scale will require effective management of bleeding 
problems that will arise unless more effective systems 

can be developed. One possibility for achieviog better 

bleeding control which is currently under investigation is 

to include estradiol in the implants (68). 

In conclusion, subdermal dimethylpolysiloxane implants 
containing potent progestogens in the form of capsules 
and rods have been shown to provide effective con-
traceptive protection without serious side effects. The 
advantages of Silastic subdermal implants over oral con
traceptives are as follows: 1) the improved therapeutic 
dose; 2) continuous constant release for periods of up to one year or longer; 3) the necessity of only one ad-
ministration; 4) lack of vehicle discomfort; 5) reliability of 
administration; 6) rapid return to ovulation upon re-
moval; 7) easy reversibility; 8) avoidance of liver portal 
circulation; and 9) avoidance of intermittent single bolus 
stimulation of the liver, 

The main shortcomings uf Silastic implants are as fol-
lows: 1) because they have limited surface area, as 
many as six or eight devices are required to provide 
effective blood levels of the contraceptive drug; 2) since 
silicone rubber is not resorbed by the tissue, the spent 
devices must be removed surgically; 3) variation in 
solubility of different synthetic steroids limits the choice 
of progestins that can be delivered by this route; and 4) 
significant variation occurs in the blood levels of indi-

vidual subjects treated with identical devices. 

New biodegradable implants and injectable particulate 
systems which offer better control of drug release and 
ease of administration are being designed with the aim 
of circumventing the objectionable features of Silastic 
subdermal implants, while maintaining the attractive fea-
tures. 

Medicated Intrauterine Systems 

MeJicated intrauterine systems represent a 
, major advance toward achieving minimal in-

tervention fertility control. The medicated IUD repre-
sents the first steroidal contraceptive system to focus on 
local, rather than systemic, delivery. The rationale for 
intrauterine steroids is based on the principle that pro-
gestogens delivered directly to the uterine lumen in low 
doses will act directly on the uterine mucosa, inducing 
changes in the endometrium which prevent implanta-
tion. Supposedly, this can occur without influencing 
normal ovarian function and/or causing other systemic 
effects. 

This concept grew out of the earlier work on subdermal 
implants and the related development of controlled re-
lease delivery systems. The first medicated intrauterine 

systems were modeled after subdermal implants. Doyle 
and Clewe (42) were the first to test a steroid-releasing 
intrauterine device in animals. 

The first clinical trial using a progesterone-releasing IUD 

was reported by Scommegna et al. (91). Silastic cap

sules containing 30 mg of progesterone were placed in 

the uterus. The effects of progesterone released from the 
capsules on the endometrium were evaluated histologi
cally. The rate of progesterone release was approxi
mately 300 ig/day. The effects were dramatic; within 18 
hr histologic changes consistent with progestational 
stimulation of the endometrium were apparent. 

In order to improve retention, the progesterone capsules 
were ited c al fUr tuT by sutituting the medicated capsule for the lower part of the 
vertical arm of the T. The modified T had an in vivo rate 
of progesterone release of 125 tig/day. This device was 
used to demonstrate anti-fertility effects of intrauterine 
progesterone irnwomen (19). The early handmade 
medicated IUDs were crude fabrications subject to significant variations of both rate and duration of drug 
release. The primary emphasis of the early clinical 
studies was to demonstrate utility, and crude systems 
were adequate for this purpose. 

Alza Pharmaceutical Company was the first to launch a 
comprehensive program to develop a long-acting steroi
dal intrauterine contraceptive system. This led to the 

development of the Progestasert, a T-shaped IUD, 
which delivers 65 jig of progesterone per day for 365 
days. The Progestasert represents a major advance to
ward minimal intervention fertility control. Up until this 
time, all controlled-release devices had high initial rates 
of release that decreased in linear fashion with time, 
whereas the Progestasert provides a constant rate of 
release for the life of the unit. In order to achieve this 
degree of control, advanced technology in polymer 
chemistry was focused on the problem of developing a 

polymeric membrane capable of providing a constant 
zero order rate of progesterone release with a high 
degree of precision and constancy. Several prototype 

systems having different rates and durations of release 
were developed and tested in animals (99). The system 
selected for human trial was a T-shaped device having a 
36 mm vertical stem and a 32 mm transverse arm. The 
transverse arm contained 32 mg of crystalline proges
terone in medical grade silicone oil and barium sulfate. 
The polymeric diffusional rate-limiting membrane con
sisted of a polymer of ethylene vinyl acetate containing 
titanium dioxide: The rate of progesterone release from 
the device was 65 jg/day for a duration of 12 to 18 
months. 

Many studies have evaluated contraceptive effective

ness, acceptability, side effects, and mechanism of con
traceptive action of Progestasert (17, 18, 43, 46, 51, 
55-59, 64, 65, 83-87, 95, 99, 100, 105, 106, 114, 119, 
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120, 127, 129, 135, 144, 155, 156). Observations 
made in 1,320 women over 9,660 woman months of 
use revealed a pregnancy rate of 1.9 ± 0.4 per 100 
users (117). Expulsion was 4.7 ± 0.6 and removal for 
pain and bleeding was 6.0 ± 0.7. These statistics com-
pare favorably with the most widely used inert and 
coppei devices. The study confirms the earlier finding 
that Progestasert users experience less menstrual blood 
flow and dysmenorrhea than do conventional IUD users, 
but have more intermenstrual spotting. This study does 
not support the claim by Snowden (127) that Proges-
tasert users experience a higher incidence of ectopic 
pregnancies. Less menstrual blood flow and dys-
menorrhea appear to be the only advantages of the 
Progestasert over the conventional non-medicated IUD. 
The health benefit of decreased blood loss in anemic 
women is significant, however. 

at dose levels insufficient toIntrauterine progesterone 
a wide spec-inhibit ovulation has been shown to have 

trum of effects, including the induction of morphologic 
changes in the endometrium (2, 55, 58, 59, 68, 75, 84, 
87, 101) and oviduct (56, 129); alteration of sperm 
capacitation properties of uterine fluid (65); alterations in 
prostaglandin concentrations of endometrium and 
menstrual blood (119, 120, 156); changes in biochemi-
cal, enzymatic, and trace elements in the endometrium 
(58, 59); alteration of the ovarian hormone levels (18); 
reduction in the menstrual blood loss (51, 144, 156); 
and inhibitory effects on embryo development and 
transport (65). The exact mechanism and/or combina-
tion of mechanisms which inhibit fertility is not known. 
The most likely explanation is that intrauterine proges-

en-terone blocks implantation by direct action on the 
dometrium. 

The need to replace the Progestasert annually is consid-
ered a disadvantage, and this has motivated the use of 
more potent synthetic progestins as the active principle 
(82, 101). New intrauterine devices that release proges
terone for three years are being tested by the World 
Health Organization (WHO), and plans have been made 
to develop and test devices that release levonorgestrel at 
the rate of 2 Ag/day. Although the preliminary findings 

look promising, no large-scale clinical studies have been 

reported as yet. Theoretically, these devices will have 
effective life spans of 5 years or longer, 

In spite of the initial promise, the medicated IUDs have 
not been widely accepted, and for good reason. The 
design of the device offers no advantage over conven-
tional IUDs with regard to ease of insertion, expulsion, 
intermenstrual bleeding, pain, and uterine perforations. 
If the medication is taken away, what remains is a 
conventional IUD with all of its inherent problems. The 
original intent for the medicated intrauterine system was 
to rely on the medication for contraceptive effect, 
thereby affording greater flexibility in design of the de-
vice itself. Unfortunately, there has been little effort to 

design smaller, less troublesome IUDs for use as in
trauterine drug-delivery systems. If intrauterine progestin 
alone is enough to inhibit fertility, without synergistic 
effects of the device, then it should be possible to design 
devices of novel form free of those side effects which 
characterize conventional IUDs. 
In a research program sponsored by the Program for 
Applied Research on Fertility Regulation JPARFR), Beck 
and Lewis (9) are investigating the use of fibrous poly
mers for delivery of contraceptive steroids to the female 
reproductive tract. Methods have been developed for 
spinning hollow fibers containing progestogens. Con
stant release rates of steroids from medicated fibers have 
been demonstrated both in vitro and in vivo, and pri
mate studies are underway to evaluate the utility of 
medicated fibers for intrauterine delivery of progesto
gens. Fibers ranging in diameter from 0.02 to 0.05 cm, 

containing up to 50% by weight progesterone, have 
been produced using various polymers including 
polyethylene, polypropylene, and nylon 6. 

Small rings made by looping a continuous length of fiber 
have been shown to be highly effective for the in
trauterine delivery of progcsterone in the baboon. Novel 
configurations of medicated fibers are being considered 
for intrauterine, intracervical, intravaginal, and intra
scrotal delivery of drugs. Fibers have the advantage that 
they can be produced at extremely low cost and can be 
arranged into almost any configuration. 

Another novel intrauterine system consists of biode
gradable microspheres that provide controlled release of 

progestogens (92). The unique feature of this approach 
is that the system can be self-administered. Medicated 

vagina migrate spontanemicrospheres placed in tW'e 
ously across the cervix and release the progestogen 
locally in the cervix and uterus. Studies are currently 
underway to evaluate the contraceptive potential of this 
system in primates. 

Medicated Intravaginal Systems 

The history of medicated intravaginal de
vices (MIVD) spans a mere decade, and 

there has been little change in the design of the original 
device, as introduced by Mishell in 1970 (95). The 
rationale for the MIVD is based on the knowledge that 
steroids rapidly penetrate the vaginal mucosa, and that 
foreign bodies of considerable size can be left in the 
vagina for long periods without discomfort. The possibil
ity of intravaginal contraception became apparent with 
the discovery that Silastic rubber can be used to achieve 
controlled-release of steroids for extended periods of 
time. 

The early devices consisted of cylindrical elastomers of 
polysiloxane molded in the form oi a ring. The polymer 
was impregnated with the steroid. Over the years, a 
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variety of different 	 steroids have been administered 
using intravaginal rings. Few attempts have been made 
to change the original design of the device. Exceptions 
are the use of polydimethylsiloxane in lieu of 
polysiloxane, and multiple layers of polymer instead of 
solid extrusions. Multi-layered rings in which the outer 
layer is drug-free provide better control of drug release 
(19, 20, 91). Early clinical trials using MIVDs containing 
medroxyprogesterone acetate established contraceptive 
effectiveness (5, 95, 140). Work on the MPA systems 
was disconitinued, however, when it was shown that this 
steroid induces breast nodules in beagle dogs. 

A variety of different progestins and rates of release of 
the same progestins have been tested clinically. Proges-
terone had no effect on ovarian function when delivered 
by intravaginal rings at rates as high as 4,040 /Ag/day 
(19, 20, 140). Medroxyprogesterone acetate was effec-
tive in inhibiting ovulation in 8 out of 8 cycles when 
delivered at a rate of 520 to 1,280 ;ig/day (95), and 136 
out of 138 cycles when delivered at a rate of 860 to 
1,290 dig/day (92). Norethindrone was shown to inhibit 
ovulation in 4 out of 20 cycles when delivered at the 
rate of 50 ig/day (81), 9 out of 22 cycles when deliv-
ered at a rate of 200 jig/day (81), 6 out of 7 cycles at 
850 jig/day (91), and 4 out of 4 cycles at 15,030 tig/day 
(91). Levonorgestrel was shown to be effective in inhibit-
ing ovulation in 5 out of 5 cycles at 250 to 310 pg/day(140), 58 out of 60 cycles at 279 p.g/day (94), 5 out of 6 
cycles at 380 p/gday (91), 4 out of 4 cycles at 550 
cg/day (91), and 4 out of 4 cycles at 740 5g/day(91). 
RT-2323 was effective in inhibiting ovulation when de-
Rivered atastef3t3,7 inhibitingdvla ( n9. n 
livered at a rate of 330 to 3,710 t~g/day (1, 93). 

Mishell (91) concluded, on the basis of comparative 
clinical studies using medroxyprogesterone acetate, 
norethindrone, and levonorgestrel rings, that none of the 
progestins is clinically acceptable, owing to the high 
incidence of breakthrough bleeding and lack of with-
drawal bleeding. For example, devices releasing 279.8 
.g/day of levonorgestrel inhibited ovulation in 61 out of 

62 cycles (94). Bleeding and spotting occurred in 33% 
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of the cycles, however, and on 6.75% of the treatment 
days. Lack of withdrawal bleeding occurred in 5% of the 
cycles. 
The use of estrogen in combination with progestin is 
being investigated as a means to achieve better control 
of bleeding (93, 137, 138). Combination devices which 
delivered 200-300 jig/day of norgestrel and 175-245 
jig/day of estradiol have been shown to suppress ovula
tion in 100% of the cycles studied (93). Rings inserted 
for three weeks and removed for one give excellent 
bleeding control during the treatment intervals, with 
regular withdrawal bleeding following removal of the 

ring. The rings have been well tolerated by all subjects 
and their cohorts. The combination device has been 
shown to be highly effective and more acceptable from 
the standpoint of bleeding control than the progestogen 
alone devices. 
The use of estrogen presents a problem because the 
long-term effects of estrogen delivered directly to the 
cervical and vaginal mucosa for extended periods of 
time are not known. The potential for estrogen acceler
ated transition of cervical dysplasia represents a major 
risk factor associated with the combination MIVDs. 
The major advantage of the MIVD over other types of 
controlled release steroidal contraceptive systems is that 
Vie treatment can be self-administered and is reversible 

at will. Although self-administration may be an advari
tage in populations where motivation and compliance 
are good, it may be a distinct disadvantage in popula
tions with poor motivation. Sanitation and proper care 
of the device may also present problems. Better design 
of the system may help to improve acceptability. For 
*xample, systems designed for disposal after a single 
insertion would eliminate sanitation concerns. Biode
gradable systems might help to improve acceptability 
because they can be left in place, thereby eliminating 
responsibility of the user to remove and care for the 
device. Another advantage of the medicated intravaginal 
ring is the capability 	of providing minimal intervention 
dosing, as illustrated in Figure 4. 
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Medicated Intracervical Systems 


The medicated intracervical device (MICD)

sbased on the concept that continuous local 


release of drugs within the cervical lumen will cause 

infertility. The mechanism of action is dependent upon 
the type of drug used. Pharmacologic agents under 

investigation for delivery by intracervical systems include 
use ofprogestogens and spermicidal compounds. The 

inhibit sperm penetrationprogestogens is expected to 
through the cervix by inducing changes in cervical 
mucus due to the direct action of progestogens on 

a methodcervical secretory cells. 	Local delivery affords 
in the cervical mucus withoutfor inducing changes 

concern for systemic effects that follow both oral and 

parenteral administration (96). 

The local delivery to the cervix requires the use of a 

device designed for retention in the cervix as well as for 

controlled release. Cohen et al. (23) used plastic tubing 
containing progesterone sutured into the rabbit cervix to 
demonstrate the local effects of progesterone on normal 
preovulatory cervical mucorrhea. Glass and Morris (53) 
used silicone extrusions impregnated with chlor-
madinone acetate to demonstrate the effects of intracer-
vical progestogen on fertilization, implantation, and 
sperm transport. 

Preliminary studies in women using Silastic extrusions 
containing chlormadinone acetate and designed for in-
sertion into the cervix showed effects on cervical mucus 

Cohen etwith estimated release rates of 0.15 mg/day, 
al. (23) were able to induce changes in human cervical 

mucus by inserting a Silastic capsule containing proges-
terone into the cervix. Although these early studies 
establish the feasibility of inducing alterations in cervical 
mucus by direct delivery of progestogens, the devices 
were poorly designed and not well retained in the cervix. 

Moghissi et al. (96), undertook a comprehensive pro-

gram of research to design and test intracervical devices. 

After evaluation of several different designs, a prototype 
sysem eletedformore comprehensive study. The aassystem was selected for opylensie sting 

device consists of a polypropylene spine supporting a 
cylinder of silicone rubber. The cylinder serves as the 
drug reservoir. Branched arms at the end of the spine 

hold the device in place. An inserter is used to position 
the device in the cervix. Different designs of the arm 
configuration hae eri.eentted signst ofmultier 
configuration have been tested as part of multi-center 
trials conducted by the World Health Organization 
(WHO) (70). On the basis of these trials, systems have 

been selected for f'urther clinical studies. 

Intracervical devices that release the spermicide quinine 
are also being tested by WHO. The quinine-releasing 
device is similar in design to the steroid-releasing device, 

Phase I multi-center clinical trials of devices releasing 20 

Azg/day of quinine sulfate showed inhibition of sperm 
migration in 80%. of the post-coital tests. No local or 
systemic side effects were recorded (70). 

Medicated intracervical 	devices have yet to be tested for 

contraceptive effectiveness. Assuming the MICD proves 
to be effective, there still remains the question of accept
ability. There should be no problem in producing de
vices which provide controlled release for long periods 
of time. Moreover, the MICD is well suited for local 

delivery. Therefore, systemic side effects should not be a 
reversproblem. Another advantage is that treatment is 

to MICDs is that the systemible. A potential objection 
requires careful placement in the cervix by trained per

assonnel. The possibility that the device might function 

a conduit for infectious microorganisms from the vagina 

to the uterus requires further investigation. Finally, a 

major design problem still exists with regard to develop

ing an intracervical device that remains in place and is 

not expelled. 

(< Biodegradable Systems 
,7.tM The use of biodegradable polymers for the 

programmed delivery of steroid hormones 
represents a major advance in contraceptive technology, 
the full impact of which is yet to be realized. On the 
surface there is the obvious advantage that biodegrad
able systems comprising drug polymer combinations 
eliminate the need for device removal following use. An 

underlying and more significant consideration is that the 
use of polymers that biodegrade allows for greater flexi
bility in system design (3). 

From the work on non-biodegradable subdermal im

plants, It is clear that most progestogens cannot be 

effectively administered using polymeric implants be

cause the rate of release of the steroid is not sufficient to 

maintain the blood level in a therapeutically effective 
range. Although increasing the number of implants in

creases the total daily dose, this has not proved to be apractical solution because it is difficult to implant multiple 
to numbepactics.An bease t increasi 

large devices. An alternative to increasing the number of 

implants is to increase the surface-to-volum23 ratio using 
multiple small particles (mini implants). Theoretically, the 
size of the implant can be reduced to the point at which 
the rate of steroid release will be sufficient to maintain an 
effective blood level, providing a sufficient number of 

erfefctvblolvlpvingasfcetnu
particles are administered. Moreover, by reducing the 
size of the particles to 200 Am or less, the system can be 
injected as a suspension, thereby providing an improved 
method of administration. The rate of release can be 
adjusted to accommodate the potency of the steroid by 

selection of particle size. Another potential advantage of 

the small particles is that the daily dose can be adjusted 
by changing the quantity of particles injected. This is not 

possible with large implants. The problem with this 

approach i, that small polymer drug particles, unlike 

large implants, cannot be removed following use. Ac

cordingly, development of small particle drug-delivery 
systems depends on the use of polymers which biode
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grade in body tissues and the technology for incorporat-
ing steroid hormones in small polymeric particles. 
Polymers with hydrolytically unstable chemical structures 

and those readily broken down by hydrolytic enzymes 
are potentially useful as biodegradable drug carriers in 
the form of implants and/or small particles (4,62). By 
design, the degradation products of these polymers pass 
directly into the systemic circulation along with the drugs 

diey release. Consequently, the biodegradable 

polymeric carriers require both careful selection and 

extensive toxicologic evaluation to ensure their safety 

belore they can be tested clinically. To increase the 
likelihood that the large amount of time, effort, and 

expense required to develop a technically reliable deliv-

ery system will not be wasted due to unanticipated 
con-toxicity of the biodegradable polymer, the earliest 

traceptive formulations have been based on clinically 

proven drugs and polymeric forms of natural metabo-
lites, e.g., lactic acid and various amino acids. Newer 
systems are being developed, howo~ver, in which non-

biologic chemicals have been used for synthesis of new, 
highly reliable drug-releasing polymers. If these new 
biodegradable polymers prove to be toxicologically safe, 

a broad spectrum of new contraceptive formulary will 
soon be available for clinical trials, 
Lactic acid, CH3CH(OH)CO2H, a common intermiediate 

or end-product of carbohydrate metabolism, has two 
optical isomers, as it contains an asymmetric carbon 
atom. Polylactic acid (PLA), therefore, exists either as a 
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Figure 5. Comparison of the mean serum levels of NET in 
three different groups of baboons treated by intramuscular 
injections of microspheres containing norethisterone. 
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highly crystalline stereoregular polymer, L(-)-PLA or 
D(+)-PLA, or a highly amorphous racemic polymer, 
D,L-PLA. Although the appearance and mechanical
properties of these PLA thermoplastics are similar to the 
common commercial polyesters (e.g., Dacron), because 
they are totally aliphatic, they decompose when exposed 
continuously to water (116), e.g., tissue fluids. Although 
physical-chemical parameters such as polymer molecular 

weight, acid content, and degree of crystallinity and 

implant size all affect the rate of resorption of PLA, as a 

general rule, D,L-PLA lasts from 6 to 12 months when 

implanted in soft or hard tissues, and L(-)-PLA or 
D(+)-PLA is totally resorbed within from 12 to 30
months post-imp!antation (6, 16, 90, 116). Copolymeri

zation of lactic acid with glycolic acid accelerates the 
resorption rate of the implant. 
Since the biodegeadation byproduct of PLA is lactic acid, 

a non-toxic biochemical, PLA was the first biodegrad
able polymer investigated for use as a long-acting drug
carrier for contraceptive steroids (71), and it continues to 

be the polymer of choice of many investigators for the 
delivery of steroids and a variety of other drugs (7, 8,
10, 102, 107, 108, 134, 152-154). The earliest con

traceptive doses based on PLA were simple drug
polymer mixtures. 
Rods and films were implanted surgically, or the corn

posites were ground into powders for injection. While 
these systems prolonged the release of the drug, they
often lacked the precision required for long-term control

led drug release. 
In a program sponsored by PARFR, Dynatech Research 
Corporation has developed a biodegradable implant 

which consists of a copolymer containing 90% lactide 
and 10% glycolide, blended with 50% by weight 

The mixture is extruded into rods de
signed for implantation under the skin (151). Following 

levonorgestrel is released at a constant rate 
by diffusion and bioerosion of the polymer. The pro
totype system has a duration of levonorgestrel release in 
vivo of approximately 8 years. The low rate of release 
requires the use of multiple implants to achieve 

daily doses. Work is currently underway to 
increase the rate of release and shorten the duration of 
action. ao
 

another program funded by PARFR, investigators at 
the University of Alabama in Birmingham and Southern 
Research Institute have developed a new long-acting, 
injectable contraceptive which provides continuous con

release of the steroid norethindrone (NET) for a 

precise period of 6 months following a single intramuscu
lar injection (8). The prototype system consists of microcapsules made of the biodegradable polymer D,L-

PLA, in which m-cronized crystals of NET are 
homogeneously dispersed. Following intramuscular in
jection, NET is slowly released from the microcapsules at 



a constant rate by diffusion of the steroid from the 
p~olymer matrix. Three different doses of a standard 
preparation of microcapsules have been tested in nor-
mally cycling female baboons (4 to 5 baboons/group). 
Following injection of either 300, 200, or 100 mg of 
microcapsules containing 75, 50, or 25 mg of NET,ollcte inervlsblodwre smpls atselcte nd 
blood samples were collected at selected intervals and 

analyzed for NET, estrogen, and progesterone by 
radioimmunoassay. All three doses provided continuous 
NET release for 6 months following injection. The NET 
serum profiles for the different doses are paralle!, and 
ovulation was inhibited in all baboons for 6 months 
following treatment. By adjusting the size of the micro-
spheres and the composition of the polymer, a system 
having 90 days' duration of release has been developed 
(10). Clinical studies of the 90-day injectable system are 
scheduled for mid-1980. The technology is now avail-
able to produce injectable microspheres having almost 
any desirable rate and duration of release of different 
steroids (7) (Figure 5). 

The use of small particles allows for precise manipulation 
of the blood levels of the drug. An increase or decrease 
in the quantity of particles injected results in correspond-
ing changes in the blood levels of the steroid (7, 10). 

The injectable microsphere system provides a number of 

unique advantages: 

1) The microspheres can be administered by injection; 

2) 	The rate and duration of drug release in vivo can be 
predetermined by selection of microsphere size and 
percent loading of steroid (Figure 5); 

3) 	The microspheres biodegrade without causing any 
harmful effects at the site of injection; 

4) Blood levels of the steroids can be regulated by 
dose selection of microspheres; 

5) The system can be sterilized without sacrifice of 
perforance;theperformance; 

6) 	Continuous progestational treatment utilizing the 
system at doses which inhibit ovulation has no 
carry-over effects on fertility; 

7) 	 The system provides the degree of control necessary 
to achieve minimal intervention therapy (Figure5). 

can easily accom-The prototype microsphere systems om-modae cmbiatinserod thrapes ithut 
modate combination steroid therapies without com-
promising performance. This can be done by combining 
microspheres containing different steroids. Various 
specaatiesf m be bn s ricroseret cmbion dr. astudies 
preparations with different combinations of drugs. For 

estradiol might be 
example, microspheres containing 

blended with microspheres containing norethindrone to 
achieve a combination injectable contraceptive. The 
daily rate and duration of release of each steroid can be 
adjusted independently of the other by changing size, 
percent drug loading, and dose of the different micro-

sphere species. This flexibility allows for the design of 
systems which deliver the optimum quantity of a steroid 
and/or combination of steroids to the target organs. 

The microspheres are well suited for placement directly 
within target tissues to achieve local drug delivery. The 

use of medicated biodegraoable microspheres for in
travaginal, intracervical, and intrauterine delivery of 
drugs is currently under study. Microspheres might also 
be adapted for use as a controlled release matrix for 
contraceptive inhalants and nasal sprays. The local re
lease of drugs directly at the level of the target organ by 
strategically placed microspheres represents the ultimate 
in minimum intervention. Moreover, biodegradation of 
the delivery system eliminates the problem of device 
removal. 

In 	a study funded by the National Institutes of Health, 
Pitt et al. (23, 102, 107) have shown that poly(E
caprolactone), an aliphatic polyester similar to polylactic 
acid, is an excellent biodegradable drug carrier for con
traceptive steroids. Polycaprolactone can be extruded as 
.-nall-bore tubing which, in turn, can be filled with 

steroids to produce implants analogous to earlier ones 
made of silicone rubber. When the device is implanted 
with a trocar, the steroid is released by membrane 

diffusion at a constant rate for 6 or 12 months. Since the 
polymer is resorbed after the drug is released, the im
plants do not require surgical removal unless reversal of 
the treatment is desired. Extensive toxicologic evalua

tions of the polycaprolactone implants are currently un
derway. 
Synthetic polypeptides have also been extensively inves

tigated as biodegradable polymeric carriers for con
traceptive steroids. In one successful approach, Sidman 

et al. have synthesized copolymers of glutamic acid and 
ethyl glutamate (Glu-EGlu) and have used these plastics 
to fabricate both implantable drug-filled tubes (similar tothpoyaracnedvesecibdbv)adm mapolycaprolactone devices described above) and 
trix rods (124, 125). Glu-EGlu devices which release 

steroids by diffusion at nearly constant rates for periods 
ranging from one month to one year have been re
ported. In an alternative approach, Petersen et al. (104) 

have bonded Eteruids covalently to a derivative of poly
glutamic acid which has either a hydroxyethylamide or a 
hydroxypropylamide pendant group to achieve separa(22).tio othe d from t p op t ac kboe 
tion of the drug from the polypepide backbone (22). 

These polymeric prodrugs of norethindrone undergo 
retrograde cleavage of the labile linkages to slowly re
lease the progestin at a nearly constant rate. Preliminary 

in rats indicate that these formulations may have 
adutinoaconfoeyarrmr. 

Except for the polymeric prodrug system E.nd the 
Dynatech implant, all of the biodegradable systems dis
cussed so far rely principally on membrane-moderated 
diffusion as the mechanism to control the rate and 
duration of drug release. The Alza Corporation is de
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veloping a new family of biodegradable polymers that 
undergo a time-predictable hydrolytic erosion process 
when they are placed in contact with living tissue (14, 
117). These materials, called Chronomer, are poly(or-
thoesters), and they are described as hydrophobic, tract-
able, biocompatible, and non-toxic. The current pro-
totype for a bioerodible implant for contraception is 
comprised of 20% micronized norethindrone and 10% 
stabilizing buffer suspended in a matrix of Chronomer. 
The mixture is fabricated as a rod with rounded ends 14 
mm long and 3 mm in diameter. When the rods are 
implanted, the orthoester linkages on the surface hy

drolyze, and the implant erodes to release entrapped 
drug. Nearly constant plasma levels of the drug can be 

maintained for up to 6 months with the Chronomer 
system. Extensive toxicologic studies are now underway, 
and clinical trials are expected to begin in 1980. 

A very promising feature of biodegradable systems is 
their possible utilization to achieve "programmed" re-
lease. In the case of female fertility regulation, constant 
plasma levels of a steroid hormone do not allow mainte-
nance of a regular menstrual pattern in all women. For 
this reason, pilot investigations are exploring the feasibil-
ity of constructing devices allowing pr,-programmed 
release profiles, in which the active agent is made avail-

able only during specific periods (13). 

Biodegradable implants and small particulate systems 
are at an early stage of development. There is ample 
evidence to suggest, however, that biodegradable sys-
tems satisfy most of the requirements for safe and 

effective contraception. The systems under development 
allow for selection of the most appropriate steroids, 
based on clinical effectiveness and safety; provide mini-
mal intervention dosing capabilities; and minimize the 
degree of patient compliance by building ex .nded dura-

tion of delivery into the dosage form. 

The development of more sophisticated systems lies well 
within the realm of current technical capabilities, and the 
future of biodegradable systems for fertility control looks 
promising. 

-
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One of the major problems with use of steroidal con
traception in developing countries is the need to take a 
pill on a daily basis. Even where motivation for daily use 
of contraceptives is good, compliance is often poor, 
owing to inadequate education or understanding. 
Another limitation is the relatively great expense of the 
drugs. Hence, there is a great need to develop steroidal 
contraception that can be administered on a long-acting 
basis. 

Several injectable steroidal contraceptives are presently 

being used in developing countries, but although ihese 
methods eliminate the need for daily motivation to take 

a pill, they have not been widely accepted because of 

problems with irregular menstrual bleeding and 
amenorrhee, and with related psychosexual and reli

gious consicerations. 
Accordingly, it is hoped that the principles outlined in 
this communication that emphasize a constant low blood 
level of sterid will result in adequate fertility control 
without thr present bleeding problems. If this can be 
accomplished, we will have come a long way toward 

providing adequate and acceptable fertility control for 
women in developing countries and in developed coun
tries as well. 

The work to develop long-acting contraceptive systems 

follows a trend toward the application of more sophisti
cated technology and wider diversity of technological 
expertise. The new systems being developed require 
input from biomaterial specialists, life scientists, and 
clinicians. The multidisciplinary approach to research 
requires centralization of expertise and a broad funding 
base in order to be effective. The current philosophy of 
government funding is leading in the opposite direction. 
The technical expertise required to develop highly 
sophisticated long-acting steroidal contraceptive systems 
is available. The challenge which lies ahead is to focus 
the full spectrum of this expertise on the problem. This 
review is intended to describe where we have been so 
that we can better plan where we should be going. 
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Although much has been written about the need for a 
chemical contraceptive for the male, not a single sys-
temic male contraceptive has been developed to the 
stage of serious clinical testing. Yet efforts to develop a 
male contraceptive antecede similar efforts to develop 
a female contraceptive. 

In the mid-1950s, potent synthetic oral progestins were 
developed and a few years later, estrogen-progestin 
preparations were shown to be highly effective oral 
contraceptives. These agents were rapidly approved by 
regulatory agencies and became available for general 
use by millions of women. Work toward the develop-
ment of a systemic male contraceptive began in 1950, in 
the laboratory of W.O. Nelson (13). His theoretic 
approach, however, was entirely different from that 
utilized in the female. In the female, focus was on the 
physiologic mechanisms providing negative feedback 
regulation of the pituitary gonadotropins by gonadal 
steroids (9). In the male, the initial approach focused 
upon Interruption of spermatogenesis by chemical 
means. Work was hindered, however, by the limited 
knowledge of male reproductive tract physiology, and 
during the subsequent 30 years, the development of a 
male contraceptive did not advance beyond the confines 
of research laboratories. The necessary basic knowledge 
has not yet been acquired, and a hormonal approach 
similar to that utilized in the female has not been pur-
sued with appropriate vigor. 

BASIC APPROACHES 

1) Interference with spermatogenesis. 
Producing an azoospermic state undoubtedly would be 
the most effective means of male contraception; lack of 
spermatozoa in the semen is definitely associated with 
sterility. Sperm production might be blocked by specific 
antispermatogenic cytotoxic agents or other substances 

that interfere with the spermatogenic process, or by 
hormonal interference with germinal epithelium matura
tion, e.g., blockage of pituitary gonadotropins. The latter 
could be achieved by suppression of gonadotropin pro
duction with gonadal steroids; suppression of FSH pro
duction by application of the negative feedback me
chanism with an inhibin-like substance; suppression of 
gonadotropin production by interference with GnRH at 
the pituitary gland level; or by a direct chemical action 
on the biosynthetic processes involved in formation of 
gonadotropins in the pituitary gland. 

2) Interference with the mechanisms 
responsible for sperm motility 

Unde normal physiologic conditions, spermatozoal 
motility is necessary for fertilization to occur. Th. bio
chemical mechanisms responsible for motility a,. "om
plex and amenable to chemical regulation. Altt.uugh no 
specific agents have as yet been found which can inter
fere with the development of motility in the germinal 
cells, a number of clinical conditions have been de
scribed in which men showing perfectly normal sper

matogenesis produce immotile spermatozoa. This defect 
may be secondary to a biochemical abnormality in the 

seminiferous epithelium. Thus, it ispossible that asimilar 
but reversible biochemical defect in the seminiferous 

The available physiologic data suggest four approaches 	 epithelium could be induced by chemical means, and 
immotile spermatozoa would be produced.to curtailment of fertility in the male. 



3) Interference with epididymal 
sperm maturation. 

Spermatozoa acquire fertilizing capacity as they traverse 
the epididymis. This capacity is apparently related to the 
action of testosterone in the epididymis. An agent capa-
ble of interfering with this process could serve as a 
contraceptive. In studies utilizing the antiandrogen cypro-
terone acetate, Prasad and colleagues observed loss of 
motility, viability, and fertilizing capacity of epididymal 
spermatozoa in the ,at (19). However, the large doses of 
cyproterone acetaxe required to produce this condition 
also afiected other androgen target tissues, negating the 
effectiveness of this approach (18). More potent andro-
gens and drug delicry systems which wouldpreferentially expose the epd!dymi , X) the antiandrogen
activity would be necessary for this to be a feasible 
aactivity woulde ntrcesarfor ttested 
approach to male contraception. 

4) Interference with the formation or 
activity of acrosomal enzymes 

Various proteolytic and mucolytic enzymes are packaged 
in the acrosome. These enzymes are apparently essential 
if the spermatozoa are to traverse the female reproduc-
tive tract and the cellular envelopes surrounding the 
ovum, and to penetrate the ovum. Interference with the 
synthesis or function of these enzymes might render the 
spermatozoon incapable of fertilizing the ovum. 

Understanding the molecular mechanisms responsible 
for hormonal control of spermatogenesis and Sertoli cell 
function has opened up a number of other avenues for 
interference with sperm production (39). As knowledge 
of testicular physiology increases, more points of poten-
tial attack are likely to be discovered, 

MAJOR RESEARCH EFFORTS 
Research efforts toward development of a male con-
traceptive have taken two major directions. 1) Initial 
studies were focused on the development of chemical 
agents with a direct action on the seminiferous 
epithelium. 2) More recent research has been directed 
toward interfering with spermatogenesis by hormonal 

means. The following discussion considers these twomajor approaches. 

Antispermatogenic Agents 

The work on antispermatogenic agents was stimulated 

by observations made in the 1940s that certain cytotoxic
bgetbsergatogaene.g., mutea1ds arrestat sratgnssagents, nitrogen mustards, spermatogenesis 

at dose levels below those having systemic toxicity (5). 
Although these compounds could not be considered as 

potential contraceptives, primarily because of their al-
kylating, mutagenic, teratogenic, and carcinogenic prop-
erties, other agents capable of direct interference with 

the spermatogenic process, but devoid of these unde
sirable characteristics, might be developed. 

The first chemical compounds tested specifically for their 
potential application as contracepti,.,es were the nitrofL
rans, compounds used to treat urinary tract Infections in 
men (13, 14, 15). Several nitrofurans were found to 
arrest spermatogenesis in the rat at a dose level that was 
free of systemic effects. Th ! spermatogenic arrest was 
reversible upon cessation of treatment. The offspring of 
animals which recovered fertility showed no abnor
malities for up to F-3 generations (15). A limited trial iti 
humans utilizing one of the nitrofurans, however, 
showed an unsatisfactory therapeutic index (12). 
Subsequently, the thiophens, a class of compoundsSusuetyththohnalss fcopnd 
similar to nitrofurans in their chemical structure, were 

and shown to possess antispeymatogenic activity
(24). This research led to the discovery of a number of 

other chemical agents capable )f inducing sper
matogenic arrest in the rat: the dinitropyrroles (16), the 
diamines %i),and recently the indol-carboxylic acids (2). 
The diamines, when tested in men, produced undesira
ble Antabuse-like side effects (4). The other agents were 
not clinically tested. 

Although most reports in the literature are concerned 
with the above-mentioned compounds, a large and di
verse number of other chemical agents, such as 
deuterium oxide, cadmium, and fluroacetamide, were 
also shown to produce a specific effect on the seminifer
ous epithelium. Most of these studies were sporadic 
rather than the result of a major, organized effort di
rected toward the synthesis of analogues with more 
.pecific effects on the seminiferous epithelium, and the 
biochemical mechanisms responsible for the induction of 
spermatogenic arrest by these compounds were not 
considered. The studies were not goal oriented, properly 
supported, or carried out beyond the very early stages of 
investigation; they were usually limited to demonstration 
of a histologic phenomenon of spermatogenic arrest or 
sterility. 
Recent reports from China describe a new chemical 
antifertility agent, gossypol, which has apparently been 
administered to several thousand men during the past 8 
years and has proven to be highly effective and nontoxic
and to have reversible effects G11). Gossypol is foundprimarily in cotton seed, but is also present in the root 

and stem of the cotton plant. The compound probably 
exists in several isomeric forms. It is toxic to nonrumin
ant animals; it reduces the oxygen-carrying capacity of 

blood, is irritating to the gastrointestinal tract, and in 
large doses produces pulmonary edema, shortness ofbreath, and paralysis. It is used industrially as a rubber 
antioxidant and as a stabilizer for vinyl polymers. 

According to the reports of Chinese investigators, gos
sypol produces its antifertility effect in men by "killing" 
the spermatozoa in the epididymis rather than by a 
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direct effect on spermatogenesis. The effective dose is12 to 
20 mg administered daily for two and one-half months, or 
until the infertile state is reached. Subsequently, a mainte-
nance dose of 12.5 mg administered twice weekly main
tains infertility. Fertility is reestablished within several 
months after discontinuation of therapy. The effectiveness 
is reported to be 99% and, except for a slight decline in 
blood potassium levels, no other adverse effects have 

been reported. 

While these initial reports suggest that gossypol may 
indeed be effective in producing male infertility without 
systemic toxicity, more information will be required be
fore these optimistic conclusions can be accepted. Re-
gardless of the outcome of further studies on gossypol, 

these reports demonstrate the antifertility effects of 

another class of chemical compounds, and demonstrate 
the potential of this approach to male contraception. 

Hormonal Agen: 

Despite a clear clinical demonstration some 40 years ago 
that administration of androgens will induce reversible 
azoospermia and thus infertility, !it was not until the 
1970s that serious investigation of a hormonal appr'-tch 
to male contraception began-two decades after similar 
studies were begun in the female. 

Several assumptions, although they are unsupported by 
data, seem to have served as the basis for this lack of 
interest in hormonal contraception for the male: 

1) In order to maintain the azoospermic state, danger-
ously high doses of androgens would be required. 

2) Because natural androgens are ineffective when 
administered orally, a parenteral route would have 
to be utilized to administe the contraceptive agent; 
this would preclude the use of androgens. No 
adequate, synthetic, orally effect e androgen is pre-
sently available and no strong incentive exists to 
develop one. This lack of incentive stands in con-
trast to the incentive for the development of orally 
active progestins, which were synthesized initially for 
treatment of common disorders in the female repro-
ductive system rather than for contraceptive use. 

3) 	The probable acceptance rate of a male systemic 
contraceptive which would interfere with testicular 
function is believed by some Investigators to be low. 

All three major classes of gonadal steroid hormones 
(estrogens, progestogens, and androgens) suppress pro-
duction of pituitary gonadotropins and induce azoo-
spermia, or varying degrees of oligospermia. 

Estrogens. These hormones cannot be seriously consid-
ered as potential candidates for use in the male, be-

cause of their feminizing effects and other serious side 

effects. 

Progestins. When used alone, progestins will Induce 
oligospermia, but the degree may not be sufficient to 

assure sterility and the sunpression of testicular testos
terone production will induce the totally unacceptable 
side effect of impotence. 

Androgens. The data accumulated in th le f1960s and 
early 1970s demonstrated the pivotal role of testos
tere Inrat oenin sow tits effer 

sehl times greaterquires ntratesticular concentrations .ralthan concentrations in the blood. This information 
prompted some investigators to consider the possibility 

that testosterone alone might be utilized as a male 
contraceptive. 

Steroid combinations. The us of a combination of 
steroids has also been considered. In this approach, one 

class of steroids, e.g., danazol, or one of the synthetic 

progestins, would be utilized to suppress the pituitary 
gonadotropins, while testosterone would be used to 
maintain libido. The testosterone might act in a synergis

tic fashion with progestins or danazol to induce azoo
spermia. Studies considering these approaches are dis
cussed in the following section. 

1) Danazol-testosterone combination. A number of 
studies have been conducted with the danazol
testosterone combination (6, 21). Oligospermia or 
azoospermia was induced and maintained with regu
larity. However, in many cases suppression of 
sperm production to 5 million/ml or less was 
achieved rather than azoospermia. No serious side 
effects have been reported. 

The testosterone preparation used in most studies 
has been testosterone enanthate (TE) in oil; a dose 
of 200 mg every 3 or 4 weeks has been shown to 
prevent impotence. 

2) 	Progestln-testosterone combination. A number of 
progestins have been investigated sporadically as 
potential candidates for this combination approach. 
Recently in a major study organized and coordi
nated by the International Committee for Con
traception Research, several progestin-androgen 
preparations were tested utilizing 25 different dos
age regimens. A total of 35 clinical studies were 
conducted in different parts of the world. Of the 189 
men enrolled in the studies and treated for suffi
ciently long prriods to observe the full effect of the 
steroid ,, 81% showed sperm suppression below 10 

million. Of the vafious progestins, R2323 (17a 

-ethlnyl-17I-hydrox;-18-methyl-4,9,11-estriene- 3 

-one) was most effect v. In 73% of men treated 
with R2323 and testosterone enanthate, sperm 
counts of less than 1 million/mI were observed. 

Only minor side effects were documented with the 
effective regimens. The most frequently observed 
side effect, decline of libido during early phases of 

receivingtreatment, was most common in men 
megestrol acetate and depot-medroxyprogesterone 
acetate. Other side effect. were moderate weight 
gain and, in a few subjects, reversible gynecomastia. 
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Elevated serum transaminase levels were observed 
in Scandinavian and South American subjects, most 
commonly in men receiving R2323. Trasaminase 
levels returned to normal in all instances after dis-
continuation of treatment (21). 

These studies suggest the potential for the use of proges-
tins as a male contraceptive. It would have been Interest
ing to compare the physiologic characteristics of those 
men who responded to therapy to the characteristics of 
men receiving the same medication but who failed to 
respond. This information might provide an explanation 
for the differences in response. 

TESTOSTERONE STUDIES 

New knowledge in the areas of physiology and bio-
chemistry of the testes during the past 15 years has 
elucidated a number of regulatory mechanisms as-
sociated with spermatogenesis. It has been shown that 
the intratesticular levels of testosterone are much higher 
than circulating levels, that the nigh intratesticular levels 
of testosterone ara probably required for normal pro-
gression of spermatogenesis, and that there is an oscil-
latory pattern to the plasma testosterone levels. These 
findings suggest that the oscillatory patterns may be of 
importance in the feedback mechanism between the 
gonads and the hypothalamic-pituitary axis. 

On the basis of these findings, a hypothesis was pro-
posed, suggesting that pituitary LH production could be 
blocked by administration of testosterone at a dose that 
would resu!t in a nonoscillatory normal level of plasma 
testosterone. Under these conditions, a steady state 
should be created, characterized by suppressed LH 
levels, normal plasma testosterone levels, markedly de-
creased endogenous testosterone production resulting in 
low intratesticular testosterone levels, and cessation of 
spermatogenesis. On the basis of a case study in 1973, 
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which showed the hypothesis to be viable, it was 
suggested that Initially, administration of relatively high 
doses of testosterone enanthate is essential for reliable 
induction of azoospermia, which then could be main
tained with a much lower dose producing normal cir

culating levels of testosterone (22, 23). 

Subsequent studies with testosterone enanthate (TE) 
conducted in our laboratories (25, 26, 27) differ from 
those reported in the literature (3, 17, 30) in two major 
aspects. In our stu 4les, the duration of treatment vas 
one year, while rep, ts in the literature deal with much 
shorter periods of treatment time. We employed an 
"induction phase" during which high doses of TE were 
administered for a short period (200 mg of TE twice a 
week for 2 weeks and then at weekly intervals for an 
additional 2 weeks). Several maintenance schedules 
were tested, varying the time interval between injections 
rather than varying the dose. The induction phase re
suited in azoospermia or severe oligospermia (less than 
0.3 million/ml) in all subjects who adhered to the injec
tion schedule, and was found to be absolutely essential 
for the initial achievement and for the subsequent 
maintenance of azoospermia. An average of 53 days 
was required for the sperm count to drop to less than 1 
million/mi; 69.3 days were required for azoospermia. 
Severe oligospermia (less than 300,000/m) or azoo
spermia was observed only when the induction phase 

was employed and when the maintenance schedule 
consisted of 200 mg TE administered every 10 days. 

On this schedule, the azoospermia was maintained 
throughout the 1-year study period. Administration of 
200 mg TE every 2 weeks during the maintenance 
phase resulted in sperm counts of less than 1 million/ml 
throughout the experimental period; in 10 out of 12 of 
these subjects, azoospermia or a sperm count below 0.3 
million/ml was maintained. Administration of TE every 3 
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0.4 Figure 1. Sperm counts and 
gonadotropin levels in subjects re
ceiving TE Injections every 10 days
during the maintenance phase. The 
shaded area represents the unde

44 48 52 tectable range for FSH and LH. 
(From Steinberger E, et al: Int J 
Androl (Suppi) 2:748, 1978). 
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weeks resulted in sporadic sperm production during the 

1-year period. 

The three maintenance schedules-injections of 200 mg 
TE every 10 days (Group 1), every 2 weeks (Group
or every 3 weeks (Group 11)-produced three totally 

output: maintenance of 
different patterns of sperm 

azoospermia, mainienance of sperm counts of below 1 

million/ml, or serious breakthrough in sperm production 

(Figures 1 and 2). 

Analysis of changes in the circulating hormone levels 
during the maintenance phase in the three experimental 
groups provided information concerning the probable 
hormonal mechanisms responsible for the differences in 
sperm production. Analysis of LH levels revealed that 
only in Group I were the plasma LH levels suppressed 
to undetectable levels throughout the maintenance 
period (Figure 1). In the other two groups, sporadic 
spikes in LH levels were noted at various time intervals 
during the maintenance period (Figure 2). Thus, the 

maintenance of azoospermia was associated with 
uninterrupted suppression of plasma LH to undetectable 
levels. 

It appears that complete suppression of I .H is absolutely 

essential to prevent stimulation of endogenous testos-

terone production, which in turn may result in sperm 

production. In all three groups, plasma testosterone 

levels returned to the pretreatment level or to a normal 

range for adult males after the induction phase. How-

ever, since the design of the study called for measure-

ment of hormone levels prior to each TE injection, the 

data reflect blood hormone levels 10 days, 2 weeks, or 3 

weeks after an injection, rather than plasma levels at 

shorter time intervals after the injection. 

The possibility was considered that higher testosterone 

levels may be present shortly after the injection. To 

area represents the undetectable 
4--1'852range for FSH and LH. (From 

44 48 52 Steinberger E, Smith KD: Fertil 
Sterdl 28:1320, 1977). 

obtain information concerning this question, plasma tes

tosterone levels were measured daily in one of the 
subjects for three cycles of injections, 22 weeks after 
initiation of therapy. At no time interval after the injec

b), testosterone levels ris2 above thetion did the plasmanormal range. 

To obtain information on the kinetics of plasma testos

terone levels after a single injection of TE, a normal 

adult male and a castrated male were injected with 200 
mg TE, and plasma testosterone levels were measured 
daily at 1:00 p.m. for 10 days (Figure3). In the normal 
individual, the peak In plasma testosterone levels oc
curred within 2 days after the Injection, while in the 

castrated Individual, the peak was not reached until the 
4th day. In the normal individual, the peak level was 
more than three times the normal preinjection baseline. 
In the castrated subject, the peak reached only the range 
of a normal adult male. The drop to the preinjection 
baseline was slower in the castrated male than in the 
normal one. 
These data can be interpreted in the following fashion. 
In the castrated mae, only the injected (exogenous) 
testosterone is measured, while the testosterone levels in 

the intact subject reflect the sum of both the endogenous 

and the exogenous (injected) testosterone. When the 

curves depicting the testosterone levels in the normal 

male and in the castrated male are superimposed (Fig

ure 4), one can extrapolate the pattern of changes of 

endogenous testosterone production in the normal male 

at the various time intervals after a single testosterone 

enanthate injection, if an assumption is made that the 

metabolic and clearance rates are similar in both sub

jects. 
During the first 2 days after the injection, the elevated 

plasma testosterone levels in the normal subject reflect 

the sum of testosterone production by the testes and the 
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amounts of testosterone released from the injection site. azoospermla. Thus, this empirically derived schedule 
These elevated testosterone levels suppress LH through coincides with the experimentai data, and suggest-, that 
a feedback mechanism. The resulting suppression of LH maintenance of azoospermia depends on the presence 
produces a rapid drop in endogenous testosterone. of a testosterone-negative feedback on LH production 
Progressively greater fractions of circulating testosterone resulting in suppression of testicular androgen produc
are derived from tl~e injection site and less is produced tion. The suppression of testosterone production results 
by the testes. By the 9th or 10th day after the injection, in diminished intratesticular testosterone levels and ces
the plasma testosterone level drops below the preinjec- sation of spermatogenesis (10). The data also sugges' 
tion baseline, and most of the testosterone in circulation that a delay in TE injections beyond 10 days will result 
is probably derived from the injection site. This change in reactivation of LH secretions secondary to a further 
in plasma levels (probably in conjunction with changes drop in circulating testosterone levels, followed by stimu
in the oscillatory pattern, discussed below) results in lation of testicular testosterone production, an increase 
res,.:,ation of LH production. Gradually, as the levels in intratesticular testosterone levels, activation of the 
derived from the administered testosterone decline, the spermatogenic process, and reestablishment of sperm 
endogenous testosterone production by the testes in- production. 
creases, plasma levels return to normal, and feedback A temporal analysis of the relationship between the 
homeostasis is restored. testosterone injection patterns, plasma hormone levels, 
An interesting aspect of these data is the observation and sperm production in subjects who showed break
that the plasma testosterone decay curve crosses the through sperm production seems to support these con
preinjection baseline 9 days after injection and drops clusions. For example, in one of the subjects an induc
below the baseline on the 10th day. In our experimental tion phase of approximately 7 weeks was associated 
subjects, a 10-day injection interval resulted in continu- with elevation of plasma testosteron-e levels, suppression 
ous suppression of plasma LH, and maintenance of of plasma LH levels to an undetectable range, and 
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Figure 4. Hypothetical relationship 
between testosterone levels der d 
from endogenous and exogenous 
sources after a single injection of TE 
in a normal male. The upper line Is 
derived from the data obtained in the 
normal subject of Figure 3. The 
lower line Is costructed from the 
data obtained in the castrated male 
of Figure 3. it is proposed that the 
shaded area between the two lines 
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represents the contribution of the 
testicular testosterone 

production to the total level incrcu-
Day Aftsr Injlctl0i lation. 

suppression of sperm production to azoospermia (Fig- by the integrated mean level of testosterone in the 
ure 5). A single missed injectin resulted in a 26-day blood, then the regulatory effect must occur at a rela
interval between injections and was followed by an tively narrow range close to the average plasma testos
elevation of LH levels, which in turn was followed in terone leve6. On the other hand, it is possible that LH 
time by an elevation in testosterone levels (despite de- levels are regulated by the oscillations of testosterone 

creased frequency of TE injections, suggesting resump- levels, either the amplitude of the oscillations, their 
tion of testicular testosterone production) and by the frequency' or both. 
appearance of a substantial number of spermatozoa in To Investigate this possibility, we studied the oscillatorythe ejaculate several weeks after these hormonal Toivsgaetspsiblywsuidtho lloy 
changes. pattern of plasma testosterone levels in a normal subject

receiving TE. The measurements were obtained every 2 

From the data reported here, and from data reported by minutes for 1 hour prior to injection of 200 mg TE 
other investigators, it is impossible to conclude whether (Figure 6) and 3, 7, and 10 days after the injection 
LH synthesis and release is regulated by the absolute (Figures 7, 8 and 9). The results obtained during the 

integrated levels of circulating testosterone or by other preinjection period revealed an oscillatory pattern with a 

factors, such as the character of plasma testosterone mean plasma testosterone level of 829 ± 50 ng% and a 

oscillations (amplitude or frequency). If LH is regulated coefficient of variation of 30.6%. Coefficient of variation 

,,,11t l . ".


sprmcontdI ad esosern 
r-W1* 

" " N-Figure 5. Relationship between 
u- sperm counts, LH and testosterone 

levels, and time intervals between TE 
__-__ injections,in a subject who showed a 

1 It 1 H 14 t breakthrough of sperm production 
Wu" during the maintenance phase. 

4 
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Baseline 

200%-	 Mean ± SE = 829 ± 50 ng% 
C.V. = 30.6% 

Assay CV = 12.2% 
p<0.001150%-

Mean± 	 Assay CVC 

Figure 6. Plasma testosterone levels 
50%- measured every 2 minutes for 1 hour 

in a normal adult male. The shaded 
20 40 60 area represents the confidence limits 

Time (minutes) 	 of the assay. 

of the testosterone assay was 12.2%. The variations in pronounced between the 8th and 10th days after the 
plasma levels were significantly greater than would be injection. 
expected from that of the assay variation (P < 0.001). The suppression of both LH and endogenous testos-

Three days after the injection the mean plasma level was terone production is associated with a flattening of the 
1680 ± 66 ng%, with a coefficient of variation of 21.2% oscillatory pattern of plasma testosterone levels. At t,., 
(Figure7). The coefficient of variation was smaller than time when the oscillatory pattern isabolished, the testos
during the baseline study, but was still significantly terone level is close to the individual's pretreatment level 
different from the variation of the assay (P < 0.025). and is definitely within normal adult male range for 

testosterone levels. It is of particularBy the 7th day, the mean testosterone level had de- integrated, plasma 

clined (1009 t 40 ng%), and the coefficient of variation interest that the physiologic and kinetic changes reach 

(21.2%) was still significantly different from the error of their maximum between the 8th and 10th days after the 

the assay (P < 0.025) (Figure8). injection. This time interval is similar to the injection 
interval required for maintenance of azoospermia during 

By the 10th day, the mean level had dropped to 663 - chronic treatment with TE. 
18 ng% and the coefficient of variation was 14.2%, 
which was not different from the assay variation (Figure Oher TE Studf s 
9). Ten days after the injection, the oscillations were Several groups of investigators have studied TE as a 
abolished and the plasma levels had dropped from a potential contraceptive agent for the human male. 
peak of 1680 ng% 3 days after the injection, to Mauss and co-workers administered 250 mg of TE 
663 ng%. These measurements, when com;.ared with weekly to 7 men for a peilod of 21 weeks (a total of 22 
plasma measurements in the castrated individual, Injections, or 5500 mg TE) (7, 8). Consistent azoosper
strongly suggest that most of the testosterone measured mia did not occur In any of the subjects. In 7 individuals, 
at this time interval was of exogenous rather than of the sperm counts were less than 5 million/mI and in 4 of 
endogenous origin (Figure3). the 7 they were below 1 million/ml. During the hormone 

administration, serum testosterone levels alviost dou-
Statistical analysis of the variances at various time inter-

bled, and FSH and LH levels were suppressed. These 
vals shows that there was a significant difference be-

changes were reversed when the injections were disconastween the baseline and the 3rd and 7th day as well 
between the 10th and the 3rd and the 7th days of 	 tinued. During the recovery period, sperm counts 

gradually returned to pretreatment levels.
studies (Table 1). This further demonstrates the progres-

sive flattering of the oscillatory pattern prior to its disap- Paulsen and co-workers treated a group of 42 men with 

pearance by the 10th day. More sophisticated kinetic TE, 200 mg/week, for 6 months (17). Sperm counts 

studies are in order, to establish with greater precision below 5 million/ml were found in 39 men, and 20 of 

the relationship between the negative feedback me- these subjects developed azoospermia. It is unclear 

chanism, (he plasma testosterone levels, and the pitui- whether each subject received weekly injections for the 

ary LH. It appears that in a normal adult human male, a entire 6 months, or only until azoospermia appeared. If 

single injection of TE produces a suppression of circulat- one assumes that subjects were treated for the entire 

ing LH levels, followed by a marked decrease in intrates- time period, then each man received a total of 5200 mg 

ticular testosterone production. This decrease is most of TE. This report was a preliminary summary of data 
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200%

3 Days after 200 mg Testosterone Enanthate 

150% 
= = 

Mean ± SE = 1680 ± 66 ng%CV = 21.2% 
Assay C.V., = 12.2% 

p< 0.025 

° Meanm 
I

5measured 

_+Assy CV 

Figure 7. Plasma testosterone levels 
every 2 minutes for 1 hour 

5L 
210' 4 0 

Time (minutes) 

and did not provide complete information on blood 
hormone levels. Serum testosterone levels appeared to 
be above control levels in samples obtained 2 days after 
testosterone administration, and near the baseline 10 
days after injection. Sperm production returned after 
discontinuation of therapy. 

Swerdloff and co-workers administered 200 mg of TE 

weekly for 16 weeks to 17 subjects (31). Atotal of 3300 
mg of TE was administered to each subject. Azoosper-
mia was induced in 10 men. In one man, sperm counts 
dropped below 0.3 million/ml; in another, sperm counts 
dropped to between 0.3 and 5 million/mi. In 5 subjects, 
the sperm counts were not suppressed below 5 mil-
lion/mi, but an additional 1- to 4-week therapy regimen 
resulted in suppression below 5 million/mI in 4 of these 
5 men. The mean serum testosterone was elevated 64% 
above the control value, while FSIi levels were totally 
suppressed. 

Cunningham and co-workers treated 17 men with 200 
mg of TE weekly for 12 weeks (3). Data on 16 subjects 

in a normal subject, 3 days 	after a 
6 0 	 single injection of 200 mg TE. The 

shaded area represents the confidence 
limits of the assay. 

revealed that in 9 men, the sperm counts were below 1 
million/mi, in 3 men, sperm counts were above 10 
million/mi, and in the other 4 men, sperm counts were 
between 1 and 10 million/ml. No subject achieved 
azoospermia. The mean serum testosterone levels were 
about 50% above control values, while serum FSH and 
LH were suppressed. 

The major difference between the studies reported from 
our laboratories and those reported by other inves
tigators is that we utilized an induction phase schedule, 
followed by a maintenance schedule of injections every 
10 days, resulting in azoospermia or severe oligospermia 
(less than 300,000/ml) in all subjects. LH was suppres
sed to undetectable levels. 
While it is difficult to,make a comparison between the 
study from our laboratories, described here, and studies 
reported by other investigators,one can contrast the total 
dose of testosterone administered with the degree of

suppression of sperm production. The total doses of TE 
were calculated from the dose schedules reported in the 

Baseline 3 days 7 days 10 days 
(CV* =30.6%) (CV=21.2%) (CV=21.2%) (CV= 14.2%) 

p < 0.001 p < 0.025 p< 0.025 p > 0.1 Assay 
(CV= 12.2%) 

p < 0.05 p < 0.05 p < 0.001 	 Baseline
 
(CV=30.6%)
 

p>0.1 p<0.025 	 3days 
(CV=21.2%) 

p> 0.025 	 7 days 
(CV=21.2%) 

Table 1. Statistical analysis of the 
variances of plasma testosterone

CV Coefficient of variation, 	 levels at several time Intervals after a 
single Injection of 200 mg TE. 

9 



5 

7 Days after 200 mg T-Cstosterone Enanthate 

200%-

Mean ± SE = 1009 ± 40 ng% 
C.V. = 21.2% 

150%- Assay C.V. = 12.2% 
p < 0.025 

0Mean-Me 
I

5D%-
2D 4single1 

20 40 
Time (minutes) 

various publications. Utilization of theschedule reported 
from our laboratory resulted in a more consistent 
suppression of sperm counts; in addition, the suppres
sion was accomplished at a total dose of TE which was 
not higher than that used in other studies. Sustained 
suppression of serum LH occurred in our subjects, de-
spite only brief elevation (2 weeks) of plasma testos-
terone levels. Since the only major difference in the dose 
schedules between our studies and those reported by 
others was the frequent injection schedule during the 
first 2 weeks of the study, it is possible that this differ-
ence was related to the differences in the' degree of 
suppression of sperm production. Data from our 
laboratory, and data reported by other investigators, 
clearly demonstrate that administration of 200 mg of TE 
at time intervals greater than 10 days results in an 
escape of suppression of sperm production in a sig-
nificant number of subjects. 

Assay CV 

Figure 8. Plasma testosterone levels 
measured every 2 dinutes for 1 hour 
in a normal subject, 7 days after a 

injection of 200 mg TE. The 
60 shaded area representsthe confidence 

limits of the assay. 

During the past 3 decades, the quest for a systemic male 
contraceptive has resulted in the discovery of a number 
of organic compounds capable of arresting the sperma
togenic process. However, most of these compounds 
were found to have either mutagenic or carcinogenic 
properties. At present, the only exceptions to this 
generalization are the reports from China concerning 
gossypol. While these reports appear promising, since 
apparently thousands of men have been treated and the 
success rate was reported to be better than 95%, with no 
attendant serious side effects, further studies of gossypol 
will be needed to confirm these findings. It should be 
noted, however, that too few systematic investigations of 
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10 Days after 200 mg Testosterone Enanthate 

200%-] Mean ± SE = 660 ± 18 ng% 
CV = 14.2% 

Assay CV = 12.2%
150%- P>0.1 

z; Mean 

2Figure 

Timo (minutes) 

analogues or derivatives of the various organic com-
pounds shown to be effective antispermatogenic agents 
in lower species have been conducted to warrant the 
conclusion that none of these classes of organic com-
pounds holds promise for the development of an effec-
tive and safe male contraceptive in the human. 

An approach similar to hormonal contraception in the 
female is available for the male. Effective antisperma-
togenic doses of testosterone preparations may not 
necessarily be associated with abnormally high circulat
ing levels and undesirable side effects. Considerable 
evidence has been presented that administration of tes-
tosterone at a proper dose and at an appropriate time 
interval will induce azoospermia which can be main-
tained for substantial periods of time, and can be 
achieved with doses of testosterone which will not result 
in significant elevation of plasma testosterone levels. 

_Assay CV 

9. Plasma testosterone levels 
measured every 2 minutes for 1 hour 

0 4'0in a normal subject, 10 days after a 
single injection of 200 mg TE. The 
shaded area represents the confidence 
limits of the &say. 

Data have been published which demonstrate that the 
kinetics of negative feedback may allow the mainten
ance of LH suppression and spermatogenic arrest in the 
presence of steady plasma testosterone levels within 
normal range. The physiologic basis for this approach 
has been demonstrated. Pharmaceutical studies are now 
needed that consider the synthesis of an appropriate 
testosterone preparation which, when orally or par
enterally administered, will maintain a uniform plasma 
testosterone level. 

Other avenues, such as combined therapy with testos
terone and progestin, also hold promise, once the ap
propriate progestin, or its analog, Is developed. Such 
progestin must possess no side effects and, in combina
tion with low-dose testosterone, should reduce produc
tion of spermatozoa to an essentially azoospermic level. 
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INHIBITION'OF PROGESTATIONAL ACTIVITY FOR 
FERTILITY REGULATION 

Robert T. Chatterton, Ph.D. 
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This review will describc some of the areas of current 

reseat h on postovulatory contragestational techniques, 

and wiJ mention certain factors that must be considered in 

the evaluation of potential new contragestational agents. It 

is not an exhaustive review; rather, it focuses upon some of 

the more promising new antiprogestational agents. 

This is becoming one of the most important areas of re-

search in the field of fertility regulation. The development 

of a safe and effective early postconceptive method is 

highly desirable, and holds considerable promise for pro-

viding control of fertility with relatively few untoward side-

effects. Such a method could be self-administered; it 

would not require physician intervention; it would be effec-

tive on a postcoital or hindsight basis; it would not require 

high levels of motivation; and supply and distribution prob-

lems would be minimal, 

POINTS OF ATTACK 
Pregnan--y depends on the availability of progesterone to 

the uterus; withdrawal of progesterone results in break-

down of the secretory endometrium. After implantation, 

the decidua which develops from the endometrial stroma 

is shed, along with the embryo, in the absence of sufficient 

progesterone. Progesterone is also required to maintain 

quiescence of the myometrium; a deficiency results in an 

increase in the amplitude of spontaneous contractions and 
a greater sensitivity of the uterus to oxytocin and prosta-
glandins. Progesterone has also been shown to diminish 
immunological recognition of histocompatibility antigens; 
this action of progesterone may serve to prevent cell

mediated rejection of fetal tissues, which are derived in part 

from the paternal genotype. 

Availability of progesterone may be interfered with at sev-

eral levels (Figure 1). Pregnancy may be terminated at an 

early stage by substances that inhibit progesterone biosyn

thesis; increase the clearance of progesterone from the 

blood; compete with progesterone for receptors in the 

uterus; or indirectly oppose the action of progesterone on 

the myometrium. 

Some advances have been made in recent years in all of 

these areas, however evaluation of new methods of pro

gesterone inhibition isnot a simple process. Many aspects 

of the action of new substances must be considered, in 

order to select one that has a low failure rate, while at the 

same time producing minimal residual and side effects. In 

addition to its contragestational activity, each compound 

must be tested for its uterotropic, androgenic, and 

glucocorticoid activities, and for antagonism of the biologic 

effects of estradiol, testosterone, and progesterone. Since 

many compounds that inhibit the effects of progesterone 

have opposing activities of their own, it is important that 

these compounds be tested for possible defeminizing 
properties and for some of the deleterious side-effects of 

estrogens, such as the tendency to increase blood pressure 

and clotting. 

During the first trimester of pregnancy, when the contribu

tion of the ovary is essential, and while the ovary depends 

on gonadotropins for progesterone secretion, disruption of 

pregnancy may be achieved in several ways: 

1) Binding of gonadotropins to their receptors may be 
interfered with by compounds that compete for bind
ing or cause a loss of available receptors (down
regulation). 

2) 	 The biosynthesis of progesterone in the corpus 

luteum may be interfered with by inhibitors of 
steroidogenesis or of conversion of pregnenolone to 
progesterone. 



HYPOTHALAMUS


FACTORSIRELEASING 
1. 	 Agonists (induce refractory condition, and direct actions on ovary) 
2. 	 AntaOonists (inhibit action on pituitary and possibly placenta) 

PITU ITARY 
GONADOTROPINS 

-3. Inhibitors of receptor binding 
inactivate by binding gonadotropins7 	 -. Antibodies etc. that 

OVARY
 

PROGESTERONE
 

5. 	 Inhibitors of biosynthesis 
6. 	 Substances that Increase m3tabollsm or inactivate by binding progesterone 

UTERUS
 

7. 	analogs that /RECEPTORS 
increase negative 
feedback I-8. Competitors for progesterone - receptor binding 

9. Opposing actions of pros'aglandins and other substances 

RESPONSE contractions 

Decidual support 

3) 	Progesterone may be removed from the circulation 
before it reaches its target organs, by increasing its 
metabolism or clearance from the body. 

4) 	Progesterone may be interfered with at the cellular 
level by inhibitors that compete for receptor binding, 
and in this way progesterone is unable to exert its 
effects on its target cells. 

5) 	 Progesterone may be interfered with by substances or 
compounds that exert opposing actions. Typically, the 
substance would be an estrogen or prostaglandin, but 
compounds with fewer side-effects and greater 
specificity are being sought. 

FACTORS IN TESTING 
CONTRAGESTATIONAL AGENTS 

The following section will touch upon some of the prob-

lems associated with carrying out the evaluation and test-
an over-ing of new contragestational agents, providing 

view of the procedures and citing selected examples. A 
more detailed consideration of individual compounds will 
be presented in a later section. 

Assessment of biological activities 

With respect to the utility of a given animal species to serve 
as a model for studying the effects of candidate substances 
in the human, no single species isadequate to demonstrate 
effectively the quantitative relationships between dose and 
response, or even the relative potencies of the substancesfor 	 the several biological effects being examined. Small 

laboratory animals probably should be used only to gain 

information about which organs are affected by a sub-

stance, and eventually about the molecular biology of the 
be used to provide in

response. Laboratory animals can 

formation about the specificity and the mechanism of ac-
tion of a compound. For example, is the compound a 

Figure 1. Points of Interference with 

progesterone actions. 

competitive inhibLr of progesterone in the uterus or an 
inhibitor of steroid biosynthesis? 
The irrelevance of exirapolating quantitative drug re

sponses among species isobvious when one considers the 
extreme sensitivity of the rat to estrogens, an effect that has 
been related to the levels of circulating estradiol. At the 
preovulatory period, estradiol levels in the rat are only 

one-tenth those of women. The hamster is probably a 
better animal model for studying estrogen-related effects. 

Predicting responses to pharmacologically modified 
steroids may be particularly difficult because, in addition to 
prolonging the half-life of the compound, structural 
modifications may result in altered binding to receptor 
molecules. There is evidence that the synthetic steroids 
produce different receptor complexes (1)and exert effects 

that may be intermediate between, or different from, those 

of any of the natural steroids. The way that an animal of 

any given species responds to a modified compound may 

differ significantly from the responses of other species; for 
example, the response to medroxyprogesterone acetate in 
rabbits differs from that of guinea pigs (24). 

Dose requirements and mode of action 

After the biological characteristics of the contragestational
steroid are established, the minimal effective dose, or the 
dose to which 50% of the test animals respond (ED50) 
should be established, along with the dose that is lethal to 
50% of the animals (LD5(). Further elucidation of the time 
of pregnancy (rat) during which the substance is most 
effective provides information about whether the sub
stance acts to interfere with the reproductive process be

fore implantation, during implantation, while the pituitary 
is still required for gestation, or later. 

If cincomitant administration of progesterone, in doses 
that sustain pregnancy in the ovariectomized animal, is 
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capable of overcoming the contragestational activity, the 

substance may be interfering with the biosynthesis of 

progesterone. This interference may occur either by block-

ing the action of luteotropic hormones, or by inhibiting an 

enzyme in the biosynthesis of progesterone. Assays of 

serum progesterone will assist in the interpretation of the 

effects. LH assays will not be of value in pregnancy. Prolac-

tin assays may be useful if thc extreme diurnal variation is 

taken into account (59), but ,, applicability of this infor-

mation to the human is questionable. In primates, a useful 

procedure for evaluation of luteolytic factors is determina-

tion of the ability of the substance to shorten the luteal 

phase of the menstrual cycIe with and without administra

tion of human chorionic gonadotropin (hCG). Not all 

compounds that interfere with corpus luteum function 
appear to be able to overcome the sustaining effect of 

hCG, as exemplified by studies of oxymetholone (32) and 
LH-RH (11). 

If the substance being tested acts during implantation and 

thereafter, and is not associated with a decrease in serum 

or if the action of the substance is not re-progesterone, 
versed by doses of progesterone that normally maintain 

pregnancy, a competitive inhibitor may be involved that 

prevents the progesterone from exerting its effects on 

maintenance of the decidua or on myometrial quiescence. 

However, the substance could also act as an estrogen to 

promote excitability of the myometrium, or it could stimu-

late synthesis of prostaglandins (or inhibit their 

catabolism), which would stimulate uterine contractions. 

The rat is not the best model for such studies, because it 

does not respond to progesterone withdrawal or to pros-
taglandins with expulsion of the conceptus, as is the re-

sponse in the human. In the rat, fetuses are resorbed, a 
process that takes about 4 days. Fetal death in the rat after 

progesterone withdrawal or prostaglandin administration 
in fact may be the result of uterine contractions, but the 
fetuses are retained. 

The effects of progesterone withdrawal and prostaglandin 

administration can be most readily monitored in the rabbit 

or guinea pig, respectively, as these species have suffi-

ciently pliable cervices to allow expulsion of the fetuses 

during pregnancy. The guinea pig may be particularly 

useful for studying direct actions of prostaglandins on the 

uterus, since there isonly a short span. from days 12 to 28 

of the 60.day gestation period, during which the influence 

of the ovary is required to maintain pregnancy. An aborti-

facient action that is independent of the ovary can be 

readily studied either during the first 12 days or after 
not a goodmidgestation. Conversely, the guinea pig is 

model for studying actions of substances that decrease 

progesterone secretion, because in this species, suppres-

sion of uterine contractility is largely reliant upon relaxin 

and does not depend upon the influence of progesterone. 

By contrast, in the rabbit, rat, mouse, and hamster, 

maintenance of pregnancy depends upon ovarian proges

terone until very late in gestation. None of these species 

may be considered good models for studies of prostaglan

dins as contragestational substances, however, because 

their ovaries are much more sensitive than/are human 

ovaries to the luteolytic activity of prostaglandins. Infer

ences about contragestational substances, relative to the 

phase of human gestation in which pregnancy is depend

ent upon the ovary as a source of progesterone, can prob

studies using other primates,ably be made only from 
to have a directparticularly if the substance is known 

action on the ovary. 

Duration of effect 

The next consideration in the testing of a contragestational 
substance is the duration of the effect. The plasma half-life 
(T 1/2) can be calculated in several animal species using 
the radioactively labeled compound. Obviously, a com

pound with a very short half-life will not be effective unless 

it is administered frequently. The half-life of a steroid may 

be improved in some cases by adding an ethinyl group, for 

example. Lan and Katzenellenbogen (38) have shown 

that, by the add'.ion of an ethir,yl group, estriol is made as 

active as estradiol-17/3 in the assay in which uterine dry 

weight is the end-point. In evaluating the half-life of a 

compound that causes a decrease in serum progesterone, 

assessing the concentration of unbound (free) proges

may be important. It is particularly important toterone 
the free steroid, when the possibility exists thatmeasure 

the treatment may alter the serum concentration of 

corticosteroid-binding globulin (CBG), a property com

mon to compounds possessing estrogenic activity. In the 

case of agents that act by causing a decrease in serum 
progesterone, it is apparent from several studies that for 
effectiveness, the duration of depletion of the proges
terone is just as important as the degree of depletion. 

The active form of the substance being tested is often not 
Teatv omo h usac en etdi fe o 
the form that is administered. Esters and even ethers are 

frequently cleaved in vivo, to give the form of the com

pound that is capable of binding to a receptor protein in a 

target cell. For example, the methoxy group of mestranol 

must be cleaved to a hydroxyl to produce ethinyl estradiol 

before it will become capable of exerting its effect. In 

studying properties of the contragestational agent, know

ing the form of the compound that is active at the cellular 

level may be important; implants of the compound may be 

completely inactive ifplaced in a target tissue that does not 

have the enzymes necessary for conversion of the com

pound to its active form. 

Route of administration 

T,,e active form and the half-life of the compound are 

considerations in establishing the optimal route of adminis

tration and the most appropriate vehicle in which to give 

the compound. The oral route may be most desirable to 
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the patient, but ifthe compound is metabolized to inactive 
products by the flora of the intestine, or ispoorly absorbed 
or rapidly metabolized by the liver, using this route may not 
be feasible. 

Drug tolerance and side-effects 

isalso obvi-Development of resistance to the medicatio-
ously an important deterrent to continued us~e, especiallyouslyserummprogesteronerlevelsodeclineddwhenwomencwere 

with substances that must be administer2d frequently. 

Polypeptides, especially those with molecular weights 

greater than 10,000, can be iunoenic. t dlop-
ing antibody titer against the substance aill lacti-not only 
vate it, but the recipient could experience an anaphylactic 
reaction to the material. 

The body may develop other kinds of compensatory reac-
tions which may decrease the effectiveness of the adminis-
tered compounds. An increase in the patient's tolerance to 
some drugs may involve the development of mixed func-
tion oxidases in the liver that inactivate the drug as part of 
the general detoxification process. 

Side-effects of the contragestational drugs are most fre-
quently related to vascular, gastrointestinal, and 

psychogenic actions. Certainly, organ weights and careful 
autopsies should be obtained in conjunction with toxicity 
studies. 

For consideration of specific agents, contragestational sub-
stances have been divided into two groups: 1)those sub-
stances that act insome way to decrease the concentration 
of the progesterone that reaches the uterus; and 2) those 
substances that either directly antagonize the progesterone 
at thL receptor site, or indirectly oppose the action of 
progesterone. 

SUBSTANCES THAT INHIBIT 

PROGESTERONE SECRETION OR 


PROMOTE ITS CLEARANCE 


Failure to maintain progesterone in the blood at levels 
progesten ancyreiured formaintnanc e o aylves 

requied foaecreaa in oteofe prean may bhe 
caused by a decrease in progesterone secretion by the 
ovary, or by an increased rate of metabolism and excretion 

of crcuatig pogeseroe.henthe echnis ofac-of circulating progesterone. When the mechanism of ac-

tion of a drug is well understood, there is no ambiguity 

about the cause of progesterone withdrawal, as detected 

by a decrease in the serum concentration of the hormone. 
when a compound is known to decreaseHowever, even 

the rate of secretion of progesterone, the process by which 

it does this may not be known. 

Prostaglandins 

Although there is considerable evidence that prostaglan-
dins (PG) produced by the uterus or administered to sheep 
or rats are luteolyti (46), that is, they bring about regres-
sion of the corpus luteum, there is little evidence that they 

have asimilar effect in the human, at least not with doses of 
prostaglandins that can be tolerated. Insome studies, tran
sient decreases in progesterone have been observed, 
when PGF2,, was given during the luteal phase of the 
menstrual cycle, but the extension of the menstrual cycle 
caused by injection of hCG was not abolished by PGF2., 

administration (2). Serum 17-hydroxyprogesterone, 
which is indicative of ovarian secretion, decreased before 

women wereserum progesterone levels declined, when 
given PGF2,, in early pregnancy. Nevertheless, some de
rivatives of the prostaglandins may have selective effect
on the ovary. McCracken, Einer-Jensen, and Fried con
cluded that some 13-dehydro analogs of PGF2. have very 
weak smooth muscle-stimulating activity, but are potent 
luteolytic agents in both the sheep and monkey (47). If 

these compounds can be shown to prevent progesterone 
secretion by the human ovary inthe presence of hCG, they 
may be effective in menstrual induction, without causing 
the gastrointestinal side effects typical of the primary 
natural prostaglandins. However, altering the dosage and 
route of administration may also reduce the vomiting and 
diarrhea that are common side-effects of some of the 
analogs that apparently act on the myometrium. 

The 15-mcthyl PGF2,,methyl ester is effective in 68% to 
97% of cases, with an "acceptable" degree of side-effects, 
when given intravaginally or by intrauterine instillation 

(10), but gastrointestinal effects are reduced to a greater 
extent by 16,16-dimethyl PGE, and even more by 
16,16-dimethyl-trans- A'-PGE1 methyl ester and 16
phenoxy-w-tetranor-PGF2 methylsulphonylamide, with
out a loss of effectiveness (10). 
The primary, if not exclusive, action of the prostaglandins 
that have been tested clinically appears to be the effect of 

the prostaglandins on myometrial contraction, since doses 

that fail to affect ovarian function result in abortion. Con
tinued tonic contraction of the myometrium may result in 
ischemia, which deprives the conceptus of essential nu

trients and oxygen. Inthis respect, the prostaglandins used 
as contragestational agents should be classified as indirect 
antagonists of progesterone. Nevertheless, it is possible 
that local concentrations in the ovary are elevated to 
ltoyi ees rsalni eesmyb nrae 
luteolytic levels. Prostaglandin levels may be increased
locally in the ovary by analogs that have a particular affinity 

for the ovary, by substances that stimulate ovarian PG 
comproduction, or by substances, such as the t'iazole 

pounds that are considered later, that inhibit PG 
catabolism. 

LRF agonists 
Interestingly, luteinizing hormone releasing hormone 

(LRF), and particularly its more potent agonists (11), as 
well as antibodies to LRF (36), are both capable of interfer
ing with normal ovarian function in somewhat similar 
ways. The LRF "super" agonists can inhibit steroid produc
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tion by the ovary of hypophysectomized rats (45) and by 

luteal cells in vitro (16); however, apparently by interfering 

with binding of LH to its receptor, the agonists also induce 

a refractory state in which the pituitary in situ fails to 

produce LH after an initial response (18). Casper and 

associates studied the contragestational properties of the 

LRF agonist [D-Trp",Pro"NEtI-LRF (11). This peptide, 

(LRF-Ag), is 144 times more potent in stimulating LI-I and 

FSH release than isnatural LRF, because of its resistance to 

enzymatic degradation, and its increased uptake and re-
tention by pituitary tissue. It was tested by the subcutane-
ous administration of 50 Ag of LRF on 2 successive days 
during the luteal phase of the menstrual cycle in 5 normal 
women. Luteolysis, judged by serum progesterone and 
onset of menses, was hastened in 17 of 28 cycles. The LRF 
agonist was effective when given 6 or more days from the 
LH surge, in agreement with other studies (12, 41). Unfor-
tunately, the luteolytic effect was completely overcome in 
the presence of hCG at levels of 85 mlU/ml or less. When 
tested in women who were less than 8 weeks pregnant, 
LRF was also not effective (11). It would seem, at least with 
the agonists that have been tested so far, that LRF analogs 
do not offer a means of inducing menstruation in the 
presence of hCG. Other applications for LRF agonists, 
such as inhibition of ovulation by administration as a nasal 
spray, have shown promise, however (5). 

Immunization against hCG 

The immunological approach has been used to prevent 
rese ofthecorpusalu a tercoabnseto pvn-
rescue of the corpus luteum after conception. Immuniza-

tion of the female against hCG would appear to be the 
most successful of the immunological methods. It has the 

over methods that utilize antigens associatedadvantage 
with ova (58) or sperm (29) in that humeral antibodies are 

available to combine with an antigen that passes through 
the blood. To combine with the fertilized ovum or sperm, 

the antibodies must be secreted into the lumen of the 

reproductive tract. Antibodies directed against antigens 

characteristic of the ovum may interfere with the develop-

ment or even the survival of primary oocytes in the ovary, 

and thus bring about permanent sterilization. Another risk 

is that the induction of antibodies to antigens from ova or 

other specific cell types may result in development of an 

autoimmune disease that is not restricted to the particular 

cell or tissue that was the origin of the antigen. A third 

danger isthat immune complexes deposited in the kidney 

can cause kidney failure. In the case of hCG, this problem 

isminimal, although it isstill a concern, since many normal 

cells apparently produce very small amounts of this 

glycoprotein (15). Only the syncytiotrophoblast produces 

amounts having biological significance, however. 

Active immunization with hCG has been studied exten

sively by Twar and associates in New Delhi (63), and by 

Stevens in Columbus, Ohio (62). In a study of baboons 

actively immuiized with partially purified baboon 

chorionic gonadotropin (bCG), Stevens found that preg

nancies were not sustained. Evidently, the bCG reaching 

the ovary was insufficient to promote the necessary steroid 

production. Curiously, when a highly purified bCG was 

used as the antigen, no effect on fertility was observed. 

One explanation is that the large amount of bCG secreted 

by the trophoblast in early pregnancy was more than 

sufficient to neutralize the circulating antibody. High titers 

of antibody are obviously required. 

Specificity of the antigen is important to eliminate cross
reaction with LH. If the method is to be practicable, pitui
tary LH should not be neutralized. This isimportant from 
two points of view. First, LH isa "self" antigen produced 
constantly, albeit at different rates, and antigen-antibody 
complexes may become deposited in the kidney and vas
culature if antibody titers remain elevated. Second, normal 
menstrual cycles probably would not conanue, and rever
sal of the sterilizing effect may be impossible. Ideally, the 
active immunization procedure would be reversible, if 
progesterone were provided to maintain pregnancy once 
conception had occurred until the placenta had begun to 
produce sufficient progesterone. To allow for normal 
menstrual cycles and potentially, conception, baboons 
(61) and women (64) have been immunized with the 
13-subunit of hCG. In some cases, animals have been 
immunized with only the C-terminal 45 amino acid re,

idues of the 1-subunit, in order to produce antisera that are 

specific for the part of hCG that is most distinct from hLH 
fragment conjugated to(23). Methods using the hCG 

tetanus toxoid, or methods using Freund's adjuvant, have 
produced highly specific antisera. So far, successful con

tragestational immunizations have riot been achieved in 
the few women who have been treated, but the f3-hCG 

immunization has been successful in baboons (61). 

Lithospermic acid 

Other methods for interfering with gonadotropin support 

of the ovary have some potential as well, although none 

has been studied sufficiently to characterize its effective

ness, particular benefits, or risks. One such substance is 

extracted from Lithospermrnum ruderale, and has been 

used as a "tea" by Indians of the Shoshone tribe to reduce 

fertility (26). In rats and chicks, cold water extracts, espe

cially those allowed to oxidize in the crude extract, have 

caused a reduction in gonadotropic effects. When studying 

the dose response of extracts in the chick, Breneman and 

Zeller found that with increasing doses, the pituitary con

tent of gonadotropin increased, but at the highest dose of 

the extract, the pituitary content was reduced to levels 

below those seen in control animals (8). This was inter

preted as inhibition of gonadotropin release with suppres

sion of gonadotropin synthesis at the highest doses. Cold 

water extracts of L. ruderale also impaired development of 
2 6).gonadsandaccessorysexorgansoftheimmaturerat( 

Such extracts can also inhibit the ovarian and uterine 
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weight increases caused by pregnart mare serum gonado-
tropin. The extract may act by inhibiting gonadotropin 
binding or by direct effects on the ovary. Either the active 
principle has effects on both the pituitary and the ovary, or 
JT acts differently in the rat and the chick. It does not, 

however, compete with steroids for their receptors (25). 

Farther study is required to distinguish between the alter

natives. A polyphenol that has been named lithospermic 
acid has been isolated and chemically described (35). An 

oxidation product of lithos,.2rmic acid apparently is the 
active substance in piant extracts, but more work must be 

done on the , tructure of the biologically active form before 
a chemically pure substance will be available for phar-
macologic studies. 

Pineal peptides 

Another substance that acts to suppress pituitary gonado-

tropin secretion was purified as a low molecular weight 
polypeptide from the pinealgland (51). At leasttwodiffer-

ent peptides have been separated from melatonin and are 
capable of blocking the compensatory ovarian hyper-
trophy after hemiovariectomy. The preovulatory LH surge 
and ovulation can also be suppressed by these substances 
(52), and there is some evidence for postovulatory sup
pression of ovarian function as well. Perhaps a peptide 

substance that directly inhibits pituitary gonadotropin se-

cretion rather than acting indirectly, as LRF does, could be 

identified with a minimum expenditure of time. 

Inhibitors of ovarian steroid synthesis 

Aminoglutethimide. The other types of compounds that 
act by interfering with progesterone secretion are those 
that inhibit steroidogenesis in the ovary and placenta. 
Aminoglutethimide isa compound that blocks the conver-
sion of cholesterol to pregnenolone. Glasser and co-
workers found that aminoglutethimide phosphate, when 
given to rats as a sing',_ intraperitoneal injection (150 

mg/kg) after implantation, caused abortion in only 25% of 

the animals, although plasma progesterone was depressed 

by 80% within 30 minutes (28). Recovery of normal 

OH 

NC. 


Figure 2. Trilostane 

OH 

s 

N 

O 

Figure 3. Azastene 

plasma progesterone occurred within 48 hours. However, 

when three injections of the same dose were given, abor
tion occurred in all rats within 72 hours. This effect could 

be blocked by the administration of 5 mg of proges
terone/rat/day, but LH, hCG, prolactin, and 20a
dihydroprogesterone did not block the effect. The impor
tance of both the degree and duration of progesterone 
depletion for interruption of pregnancy is well illustrated in 
this study. 

In another study of aminoglutethimide in baboons, a simi

lar effect was noted. The drug was given for i to 3 days to 6 

baboons that were pregnant for 31 to 99 days. Serum 

progesterone was reduced to as little as 3.2% of the initial 
concentration in one animal, and to less than 20% of initial 

concentration in 4 of 5 of the remaining baboons, but 
pregnancy continued for at least 3 weeks. The fact that 
peripheral blood levels may not reflect the concentration at 
the uteroplacental junction was emphasized, particularly if 
the inhibitor is more effective in inhibiting ovarian than 
placental progesterone biosynthesis. Here, also, the dura
tion of depletion must be considered as well. 

Csapo and Erdos showed that after administration of an

tiprogesterone antiserum (APA) to rats, the effect could still 

be blocked if progesterone was given 3 hours later, but that 

the progesterone deplction induced irreversible changes in 
most animals by 6 hours, with the result that progesterone 
administration could not rescue the pregnancy (22). Un
fortunately, the dose of arninoglutethiride could not be 

increased because of the CNS-depressing activity of the 
drug. Attempts to modify the structure to obtain greater 
specificity for inhibition of steroidogenesis have not been 
successful, but the congeners that have been tested by 
Glasser and colleagues are only those with modifications 
of the piperidine moiety (27). Aminoglutethimide at rela

tively low doses greatly enhanced the abortifacient activity 
of PGF2a in the rat, however (27), a finding that may be 
worthy of further investigation. 

Oxymetholone. Oxymetholone was one of several com
pounds originally tested as substances that might increase 

progesterone clearance by increasing its melabolism (7). 
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The drug successfully shortened the luteal phase of the 
menstrual cycle, but this shortening apparently was 
achieved by an inhibition of progesterone biosynthesis. 
Oxymetholone has also been used as an anabolic steroid, 
and treatment of women after ovulation suppressed serum 
progesterone by 50% to 80%, and shortened the cycle by 
6 to 8 days (19). The drug did not interfere with luteal 
function in women who also received hCG (4), nor did it 

terminate pregnancy when given for 7 to 10 days in 

cumulative doses of 250 to 3000 mg (9). This experience 
emphasizes the importance of testing contragestational 
drugs initially in the presence of hCG, iftheir mechanism is 
luteolysis, before testing their abortifacient activity in 
pregnant women. 

Trilostane arid azastene. Trilostane and azastene (Figures 
2 and 3) are competitive inhibitors of 3/3-hydroxysteroid 
dehydrogenase (HSD) (55). Inhibition of this enzyme pre-
sumably will block conversion of dehydroepiandrosterone 
to androstenedione as well as of pregnenolone to proges-
terone. Since conversion of pregnenolone to progesterone 
occurs in the adrenal as well as in the ovary and placenta, 
production of steroids, including cortisol and aldosterone, 
that succeed progesterone in the metabolic pathways of 
these organs, will be decreased. Some organ-specificity of 
these inhibitors, however, has been observed. Trilostane 
appears to be primarily a suppressant of adrenal 
steroidogenesis. Given orally to rats, it inhibits corticos-
terone and aldosterone production, and elevates circulat-
ing levels of pregnenolone at doses that are lower than 
those that produce adrenal hypertrophy or that inhibit 
gonadal steroidogenesis (57). Inthe monkey, also, serum 
cortisol is decreased at doses thaL are less than those 
necessary to terminate pregnancy. 
Azastene appears to be equipotent in inhibiting the adrenal 

aand ovary of the rat. However, Azastene produced 

luteolytic effect and terminated pregnancy in the monkey 

at 500 to 1000 mg/day for 5 days, even though no effect 

on corticoid production was detectable (56). 

Concurrent progesterone administration prevents the 
abortifacient action as expected. Schane and Creange 
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oxime) (ORF 9371) 

used an interesting technique to distinguish between pri
mary effects of this and other HSD inhibitors on proges
terone secretion from secondary effects that decrease 
progesterone only as a consequence of disrupted placental 
circulation (55). They have administered a synthetic pro
gestogen such as Provera (which can be distinguished 
from progesterone in the radioimmunoassay) along with 
an HSD inhibitor, to maintain pregnancy. Decreases 
in serum progesterone, other than those that can be 
attributed to Provera alone, must be due to the effect 
of the inhibitor on steroidogenesis. By this criterion, the 
HSD inhibitors are directly inhibitory to progesterone 
biosynthesis. 

The undoing of Azastene, the recently most promising 
HSD inhibitor, is the by-now-familiar inability of the drug, 
in the presence of hCG, to induce luteolysis in women. 
The discrepancy between the effectiveness of Azastene inthe pregnant monkey and in the human is puzzling. 

Perhaps the drug is metabolized differently It may be 
an activeinactivated more rapidly in the fuman, or 

may be produced more efficiently in themetabolite 
monkey. 

Currently, investigators at Sterling-Winthrop have focused 
their attention on Win 32,729 (Figure 4), a related steroidal 

compound that is more potent than Azastene in the 

monkey by a factor of 10. Its interceptive activity isalso 
prevented by progesterone, and cortisol is suppressed in 
the monkey when only 5 times the effective abortifacient 
dose is used. 

Danazol. A compound that has found use in endometri
osis, because of its activity in suppressing steroid-mediated 
actions on the uterus, isDanazol. This compound isrelated 
to ethinyl testosterone, by the addition of an isoxazole ring. 
It not only causes suppression of FSH and LH secretion, 
but itapparently also decreases progesterone secretion by 
a direct effect on the ovary. In addition, itbinds to proges
terone and androgen receptors, antagonizing the actions 
of these hormones. Postovulatory treatment causes a se
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vere depression in serum progesterone levels and shortens 0 
the luteal phase to 10 days; hCG treatment does not bring 11 

O-C-C2H5
about recovery of luteal function (3). Thus, Danazol has 
real potential for occasional use, but the daily dose re- A i CH*C,1 


quired for contraceptive protection is minimally 200 mg 

(17), a dose of steroid that would certainly burden liver 0 
de.oxification ability. 11 

Passive immunization against progesterone 
HC=C"
 

The last of the progesterone-suppressing methods is one 

that we have been investigating at Northwestern Univer
sity. This is still in the developmental stage, but in principle Figure 7. Anordrin 
what we are attempting to do is to prepare a specific, 
high-affinity absorbent that will remove a sufficient amount 

orally, absorbing progesterone that passes through theof progesterone from the body to cause involution of the 
or that diffuses into the gut.endometrium and promote contractility of the myome- enterohepatic circulation 

trium. To this end, we have produced a large volume of Such an encapsulated preparation has ben injected in

antiprogesterone antiserum (APA) that is capable of induc- traperitoneally, to compare the effect with that of the solu

ing abortion in rats. This approach was reported by Csapo ble antiserum injected into the same site. No detectable 

and associates (21) and Raziano, Ferin, and Vande Wiele leakage of APA from the mic:ocapsules was noted, as 

(54) previously, determined by the absence of ariibody in blood. In con

mea- trast to a greater than 3-fold increase in serum proges-
Although the concentrations of free progesterone 

of these rats by the equilibrium dialysis terone in rats injected with soluble APA, a decline in serum 
sured in serum 
method are not detectably different, progesterone is de- progesterone occurred within 48 hours, falling to less than 

4 ng/ml in rats receiving the encapsulated APA. Interest
creased in uterine tissue within 36 hours. In the interim, the 
APA injection causes a surge of LH and FSH release and a ingly, a transient decrease in serum progesterone occurred 
transient increase in concentrations of progesterone in the in rats receiving the encapsulated polymer without APA, 

reflecting the relatively weak but abundant potential bind
ovary, uterus, , id other tissues (14). ing of progesterone to this material. This transient decrease 

Whether this bu st of gonadotropin activity, presumably was sufficient to reduce the number of viable fetuses by 

induced by an initial depletion of progesterone in the 50%. In this initial test, the polymer with APA was lethal to 

all rats, whereas all rats given the polymer alone survivedpituitary, is Pn obligatory compovont of the subsequent 
the experiment. Further work is underway to study dosecontragestational decline in progesterone is not known. In 

any event, the dose of APA which was sufficient to bind 6 responses, to evaluate more hydrophilic polymers, and to 

investigate the oral route of administration./Lg of progesterone was sufficient to bring about an even-

tual depletion of progesterone, and abortion. 

The next step toward development of a practical applica- PROGESTERONE ANTAGONISTS 

tion of this absorbent is to encapsulate APA in a manner Compounds included in this category are those that interthat prevents its absorption into blood, but permits entry of 
act with progesterone competitively or noncompetitively 

progesterone into the microcapsules to bind to the entrap- for receptor binding, or that oppose an action of proges
ped APA. Ideally. such microcapsules would be effective terone on the uterus. Only a few compounds have been 

found that act by competition for the progesterone recep-

OH tor. 

C .CH ORF 9371 

One such compound is a steroidal antiprogestin from 

Ortho Pharmaceutical Co., ORF 9371, which has the 
structure 17/3-acetoxy-17a-ethinyl-4-androstene-3-one
(3-oxime) (Figure 5). This compound is neither estro
genic nor antiestrogenic, and it has no inhibitory effect 

on gonadotropin secretion (31). It does inhibit uterine 
proliferation induced by progesterone in rabbits, and it 
prevents decidual development and implantation in rats. It 

Figure 6. Norgestrienone (R2323) does not bind to the estrogen receptor, although the 
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analog without the acetate group binds weakly, and it may 
be a metabolite in vivo. 

A compound with similar properties is norgestrienone 

(R2323) (Figure 6). However, Mora and associates found 
no abortifacient activity of this compound in doses of 100 
mg to 400 mg, when it was administered to 57 women 

shortly after missed menstrual periods (48). It does sup-
press serum progesterone in nonpregnant women, but 
hCG revers, s this effect, which suggests that R2323 acts to 
suppress go..adotropin secretion. 

Anordrin 

Another compound that may act by antagonizing proges-

terone isAnordrin (Figure 7). This compound was consid-

ered an antiprogestin by Pincus and Banik as a result of 

their search for orally active contraceptive agents in the 

early 1960s (53). Recently, a report from China has dis-
as aclosed extensive clinical investigations of Anordrin 

postcoital contraceptive; as the author noted, "The rate of 
protection ,dgainst (conception] reached more than 99% 

(37). Clinical trials showed that women who received ... 
Anordrin did not have the excessive proliferation of the 

Inendometrium that is seen with postcoital estrogens. 

most cases, suppression of the endometrial proliferation 

was seen, and some women had atrophic changes of the 

endometrium (37). Animal studies of the drug suggest that 
thas both luteolytic and estrogenic activity (20, 30), yet 

the great species differences and non-parallel dose-

response curves require additional studies to adequately 

define the mode of action of Anordrin. 

ORF 3858 and other estrogenic compounds 

Other compounds, such as 2-methyl-3-ethyl-4-
phenyl-A4-cyclohexene carboxylic acid (ORF 3858) (Fig-

ure 8), that have abortifacient activity, and are structurally 
related to diethylstilbestrol (DES) (Figure 9), have been 

found to be converted in vivo to products that have es-

trogenic p,:operties. A deliberate effort has been made to 

prepare derivatives of DES and hexestrol that structurally 
resemble estriol, that is, that have hydroxyl groups on two 

adjacent carbon atoms in one ring, but not in both rings 

COOH 


car-Figure 8. 2.methyl.3-ethyl-4-pheny-A'-cyclohexene 
boxylic acid (ORF 3858) 
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Figure 9. Diethylstilbestrol (DES) 

(65). These compounds have reduced estrogenic activity 
in relation to their interceptive activity, but since they reoain 
significant estrogenic activity t,., have not been tested 
clinically. 

Estrogens themselves, however, have been used as post

ovulatory interceptives, on the assumption that the in

frequent use after unprotected coitus will not present the 

health hazard associated with long-term exposure to estro

gens. In one study, pregnancy could be adequately pre

vented by giving women 50mg of DES/day, 30mg/day of 

conjugated equine estrogens, or 5 mg of ethinyl estradiol 

(EE)/day, for 5 consecutive days, if treatment was begun 

within 72 hours after unprotected coitus at mdcycle (6). 

Nausea was experienced by about half of the patients, but 

without serious side-effects. In macaques given marginally 

abortifacient doses of estrogen, no fetal abnormalities were 
observed (49). Some improvement in this procedure is 

ind proeureiberved to9accrue ihrthe 
with the combined EElt'1-norgestrelbelieved to accrue 

treatment (60, 66). In the latter study, in which two tablets 
were taken immediately after unprotected intercourse, fol

lowed by two tablets within 12 hours (0.05 mg EE and 0.5 

mg dl-norgestrel per tablet) no failures were observed 

among the two-thirds of patients who returned for follow

up. Still, about C % experienced severe nausea and 8% 

reported vomiting. The mechanism for the estrogen effect 

presumably isin counteracting the progesterone action on 

the myometrium as well as the decidua; some lowering of 

plasma progesterone has been observed with DES, but 

only when treatment was begun on the day of the LH peak 

(40). The length of the luteal phase was unaltered, how

ever, and an effect on secretion of progesterone by the 

intact corpus luteum seems unlikely. Progestins have also 

been administered without the estrogenic component for 

interceptive purposes. Norethindrone in particular has 

been well studied in this manner, but has proven ineffec
tive (50). 

Some evidence has been obtained for prostaglandin 
biosynthesis, as a mechanism by which the estrogens act to 

terminate pregnancy. Auletta and co-workers have shown 

that at least the luteolytic effect of estrogens in the rhesus 

monkey can be prevented by simultaneous administration 

of indomethacin (4). Administration of prostaglandins 

themselves in different forms and by different routes has 

proven to be an effective method of terminating early 

pregnancy, as discussed above and reviewed extensively 

elsewhere (33, 34). Most forms of prostaglandins act to 
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Figure 10. 3-(2-ethylphenyl)-5-(3-methoxyphenyl)-H-
1,2,4-triazole (dl-1 1-IT) 

intercept pregnancy in the human at the uterine level, 
although some of the newer forms, particularly the 13-
dehydro derivatives, may also have a luteolytic action that 
will contribute to their effectiveness in terminating preg-
nancy, as discussed above (47). 

The triazole compounds 

The difficult problem in applying prostaglandins to fertility 
regulation has been to limit the effects as much as possible 
to the reproductive organs. 

One method of doing this may be to selectively promote 
synthesis or prevent metabolism of prostaglandins in or-
gans of the reproductive tract. The triazole compounds 
being studied by Lemer and co-workers may have this 
potential, since they act to prevent metabolism of prosta-
glandins and thereby increase their availability to the or-
gans in which they are produced, although presently avail-
able compounds do not have this degree of specificity 
(63). 

Lemer has seleted one triazole compound priduced by 
Lepetit of Milan for further study. The compound is3-(2-
ethylphenyl)-5-(3-methoxyphenyl)-IH-1,2,4-triazole, 
and ithas been assigned the symbol dl- 11n-IT (Figure10).
This compound is most effective in the monkey when 

injected intramuscularly between days 34 and 38 of gesta-

tion, at a dose of 10-25 mg/kg body weight. With a treat

ment on 5 successive days, 2 to 5 mg/kg/day was effective. 

Inhamsters and rats the abortifacient dose remained effec-
tive in all animals when 4 mg/day of progesterone was 
given concomitantly. Thus, abortion does not depend on 
the luteolytic effect of the drug. 

Inthis respect, and with regard to the side effects, dl- 111-IT 
appears to act as a prostaglandin; metabolism of prosta-
glandins is inhibited in the reproductive tract, in the lung, 
and probably inother organs as well (42).The compound 
has no estro n rogn w ogestogenic activity, 
nor does it inhibit these activities of other compounds. It is--
relatively nontoxic, the LD,,)being 300 times the ED,() in 
the hamster, but its greatest shortcoming, aside from its 
lack of specificity for the reproductive tract, may be its lack 
of activity by the oral route. 

ORF 5513
 

Some other nonsteroidal compounds that have contrages
tational activity have been investigated. One relatively new 
compound is the salt of 3,5-bis-(dimethylamino)-1,2,4dithiazolium chloride (ORF 5513) (31) (Figure 11). It is an 

unusual compound, in that it acts at several levels to 
interrupt the reproductive process; it inhibits ovulation, it 
inhibits implantation, and it is abortifacient. The com

pound lacks hormonal activity and has no apparent
luteolytic effect. It is L.iective in preventing ovulation 
at doses of from 0.01 to 0.1 mg/kg body weight/ 

day, but only if it is started 3 days or more before ovulation. 
Effective abortifacient doses in the rat were lowest between 
days 10 and 13 of pregnancy, when 5 mg/kg was effective 
in producing cellular changes in the chorionic villi and 
chorionic-fetal vessels. 

Trichosanthin 

Other interesting compounds under investigation are 

natural products that have been used for many centuries 
as aqueous extracts or "teas" to induce menstruation. 
Trichosanthin was isolated by Chinese scientists from the 
root of Trichosanthis kirilowii. It is a basic protein with a 
molecular weight of 18,000; it is said to induce abortion 
and to have an ameliorating effect on choriocarcinoma 
(13). Interestingly, itdoes not induce abortion in the two 
most commonly used laboratory species, the rat and the 
hamster, or in other species in early pregnancy. Hahn and 
a'sociates have studied Trichosanthin in the guinea pig 
and the mouse (31). Ithas no effect on contractions of the 
nonpregnant guinea pig uterus, but it induces contractions 
in the pregnant animal when given intraperitoneally as a 
single injection of 200 /ig at the end of the first trimester 
(16-22 days). It has been postulated that Trichosanthin 
induces prostaglandin action within the uterus, and pre
liminary data show that indomethacin inhibits its effect. If 
this is an organ-specific induction of prostaglandin biosyn
thesis it would, of course, have substantial advantages 

over ist to nof o stag, andis forseeti ae bor

tions. 

Zoapatanol 

Zoapatanol isanother natural product that has been inves
tigated recently by the group at Ortho. Teas made from the 

S S 

(CH3)2 - N(CH3)2
 
NNCH) 

C
 

Figure 11. 3,5-bis-(dimethylamino)- 1,2,4-dithiazollum 
chloride (ORF 5513) 
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Some new methods have been developed that act at each 
of the areas in which progesterone biosynthesis or actionOH3 OH3, OH3 

Figure 12. Zoapatanol 	 can be inhibited. Some of the n~~w "super" agonists of 

LRF that may be absorbed intranasally interfere with 

Montnoatomntoa(oaptle)plat hve eenuse in gonadotropin-mediated ovarian secretions. If sufficient 
down-regulation of ovarian gonadotropin receptors canofailatioenofchildbth, stlantionof meensesi 

Mexico fo aiiaino hlbrh tmlto fmne, 	 be achieved to prevent rescue of the corpus luteum by 
hG R gnsscudpoet ea xeln neaand termination of early pregnancy (39, 44). The diter-

oxepanenringehasnbeen re
poedsrecetlylure 12).iinn reas an hamstbesn this month medication or menstrual inducer. The agonists are

pene structuristcontainingoan 

when gieand ayss 1 highly specific 	 and free from unpleasant side-effects.(implantat.ioncopond ienhtsy 
imlanatin wencompundinhbit ive onclas 1 Gonadotropins 	may be stuppressed by pineal peptides as 

well, but a postovulatory application seems unlikely;through 6 of pregnancy. It also has an effect after implanta-
perhaps these compounds, as well as LRF 	antagonists,tion in the guinea pig; when given at the end of the first 
could be used during the follicular phase of the cycle totrimester, intrauterine death occurred. Landgren adminis-

tered zoapatle orally to 6 women in early pregnancy (39). suppress gonadotropins to the extent that only follicular 

resulted in menstrual-like cramps and a ltiiainocrwtotouainAdministration 
significant dilatation of the cervix in all subjects, but the 

At the level of the ovary, hope has not completely faded forzoapatle did not cause luteolysis, based on assays of 
a luteolytic prostaglandin derivative, such as one of theplasma progesterone. No changes were detected in the 
13-dehydro prostaglandins, that has only minor actions oncardiovascular system or in blood lipidls, proteins, or elec-
smooth muscle. On the other hand, some possibility seemstrolytes, and hematologic, liver, kidney, and thyroid func-

tion tests were all normal. Since definite uterotonic con- to exist of relatively specific actions on uterine musculature 
by the 16,1 6-dimethyl prostaglandins and other C- 16tractions are produced, this compound shows promise as a 

compound that may produce selective stimulation of pros- derivatives; these prostaglandins also have substantially 

taglandin secretion. Zoapatanol differs from Trichosanthin reduced gastrointestinal effects. There isnow evidence that 

in that it is not a protein, and it acts earlier in pregnancy the combining of an inhibitor of ovarian steroidogenesis 

than does the Trichosanthin. with a prostaglandin may produce a synergistic intercep

tive action. Some inhibitors of steroidogenesis, such as 

Azastene, display a high degree of specificity for the ovary, 

and have minimal effects on the adrenal gland. Azastene 

itself has not proven effective in terminating pregnancy, but 

other similar compounds, which have a longer biological 

half-life and potentially greater activity in inhibiting placen

tal steroidogenesis, are being developed. Other com

pounds, primarily natural products that have been used as 

"teas" for fertility control in different cultures around the 

world, also are being purified, synthesized, and investi

gated. 

The target organs and sites of action of these compounds 

have not been well-characterized to date, but some, such 
secreas lithospermic acid, appear to suppress ovarian 

tions, while others, such as zoapatanol, may stimulate 

endogenous production of prostaglandins. Endogenous 
prostaglandins may also be the active agent in the triazole 

compounds that were developed from psychoactive 
drugs; in this case, the drug causes a build-up of prosta
glandins by decreasing their metabolism. The triazole 

compounds are active in primates, but they suffer some

what from lack of specificity, causing gastrointestinal and 

respiratory side-effects. 

Secreted progesterone may be inhibited in its actions by 
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increasing its clearance, by interfering with its binding to 
receptors, or by modifying the end-organs in such a way 
that the progesterone cannot exert its effects. Passive im-
munization to progesterone, while a useful tool for inves-
tigators, is limited because of immunological and other 
problems associated with repetitive injections of proteins, 

Attempts are now being made to encapsulate antiproges

terone antibodies in a form that will allow the steroid to be 
bound, without allowing releas2 of antibodies into the 
circulation. Steroid hormone analogs, such as norges-
trienone, that bind to progesterone receptors, are capable 
of preventing the biologically active hormone from exert-
ing its side-effects, but so far, the only drug that has been 
effective in the presence of hCG is Danazol; the main 
shortcoming of Danazol in this respect is the very large 
dose required and the attendant and potential additional 

side-effects. 
Other compounds that are competitive inhibitors may be 
nearing the time when clinical testing can be done. Sub
stances interfering indirectly with the physiological func
tion of progesterone, such as the estrogens, certainly also 
have a place in the treatment of unprotected midcycle 
coitus. 

As many new compounds are discovered or rediscovered, 
and are investigated with the objective of promoting their 
optimal contragestational effect with a minimum of unde
sirable side-effects, more methods for regulation of fertility 
will become available. Methods more appropriate to the 
circumstances of gestational age and health needs of 
women of different cultures and convictions will increase 
the acceptability and use of contraception among couples 
interested in regulating their own fertility. 
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In the early 1970s, reports began to appear in Chinese The reports presented at the workshop, and some sub

medical journals that gossypol, a yellowish substance oc- sequent developments in the evaluation of gossypol, are 

curring in certain species of cotton plant, was being inves- summarized here. 
tigated as a possible male antifertility ac,"nt. Much of the 
information about gossypol research was anecdotal in na
ture, however, and the published reports lacked complete AS AN ANTIFERTILITY AGENT 

information on controls, preliminary physical and 
biochemical studies of subjects, and follow-up evaluations. The antifertility effects of gossypol were first suggested by 

the findings of epidemiologic studies done in the People's 
Interest in the antifertility capability of gossypol spread 


westward. and numerous animal experiments were Republic of China which showed that in certain areas,
 
weranizd nmoeute t ine experienwee there were more than the expected number of cases of
 

refute the Chinese experience, infertility. Environmental factors were eventually disorganized to confirm or 
These initial experiments demonstrated considerable var- counted, and food poisoning was suspected; after some 

iability in toxicity and utility of gossypol as a male con- investigation, cottonseed oil was implicated as a possible 

traceptive agent. Accordingly, the Program for Applied source of the problem. A contributing factor may have 
as an organiza- been that some farmers had changed the oil-processingResearch on Fertility Regulation (PARFR), 

tion providing scientific and technical assistance for technology. For years, Chinese farmers had processed 
cottonseed oil for use in food preparation by first heatingresearch in the development of new or improved means of 

fertility control, served as the sponsor of a workshop bring- the cottonseed and then pressing the oil out. Then, during 
ing together a small group of scientific experts who have the 1950s, anew method of preparing the oil was adopted, 
done various types of research with gossypol. and farmers took their cottonseed to a central location 

The major objective of the workshop, which was held in where it was pressed without heating (36). After exposure 

Chicago, Illinois in March, 1980, was to provide a free to this crude cottonseed oil for periods of ayear or more, a 
number of people developed acondition characterized byexchange of ideas concerning early and ongoing research 

on the use of gossypol, and to evaluate the potential of the fever and dyspepsia; women developed amenorrhea and 

compound as amethod of fertility control in the male. The men became infertile. When use of the oil %&asdiscon

meeting was structured to review the initial interest in tinued, the amenorrheic women resumed normal 

gossypol relative to animal and human nutrition, and to menstrual cycles; many of the exposed men did not im

discuss recent and on-going studies on the toxicity and mediately regain fertility, however. Gossypol was identified 

efficacy of gossypol as a male contraceptive, as an active ingredient in the cottonseed oil and was be



lieved to be responsible for both the toxic effects and the 
infertility. Demographic investigations during the 1960s 
provided further evidence to implicate gossypol as the 
significant factor. 

In 1971, Chinese investigators initiated experiments usin. 
purified gossypol in several species of animals, and in the 
following year, clinical studies of gossypol as a male con
traceptive agent were begun. In 1972, anumber of phar-
maceutical chemists, pharmacologists, and physicians 
organized the National Coordinating Group on the Male 
Antifertility Agent, Gossypol, and clinical studies on the 
antifertility effect, the site of action, pharmacokinetics, and 
toxicity of gossypol were carried out. The lindings were 
summarized in an article appearing in the Chinese Medical 
Journal in 1978, "A New Male Contraceptive Drug -
Cotton Phenol (Gossypol)" (43). 

According to this report, some 4,000 Chinese men had 
used a gossypol contraceptive pill for at least six months, 
and some for more than four years. The efficacy was said 
to be 99.89%. The men usually recovered fertility by three 
months after discontinuation of treatment, and several 
births of apparently healthy babies were observed among 
the wives of men who stopped using gossypol (41, 43). 

This artide and other reports from China caused consider-
able excitement among investigators in the field of popula-
tion and family planning, for if the data and conclusions 
were correct - namely, that gossypol constituted a new 
non-steroidal method of fertiliLy control for the male that 
could be highly effective and reversible, fully safe, and 
inexpensive - then possibly a simple answer to the 
world's population problem had been discovered. An 
additional attraction was that with an estimated world 
production of more than 40 million tons of cottonseed per 
year, well over 100,000 tons of gossypol would thereby be 
available, or at least 25 kg for every male in the world. 

Another part of the cotton plant, the cotton root bark 
(gossypium species), has had along history in various parts 
of the world as an abortifacient and menses inducer, and 
contains a high concentration of gossypol. With the grow-
ing interest in the male antifertility potential of gossypol, 
some scientists are taking acloser look at cotton root bark 
as well, for information about its safety, efficacy, and gen-
eral utility.Slocumb and co-workers have been investigat-
ing its extensive folkloric use as a supposed abortifacient 
among women in the Southwest United States (52). The 
bark isstripped and boiled for two hours and the resulting 
supernatant isused as an active elixir; the elixir contains 
high concentrations of gossypol. It is sold at herbalist stores 
for about $3 to $4 for a 4-oz. fluid extract. Preliminary 
survey data suggest that cotton root bark ingestion isas-
sociated with the onset of menstrual-like cramps and 
bleeding in a high percentage of women wilhin four to 72 
hours. About three-fourths of the women report moderate 
gastrointestinal symptoms and headaches. Surveillance 

CHO OH OH CHO 

HO O 

HO H3 CH3 OH 

CH3 CH3 CH3 CH3 

Figure 1. Gossypol. 

and epidemiologic studies are underway to determine the 
efficacy and side-effects of self-administered cotton root 
bark as a contragestational agent or menses inducer. 

CHEMICAL AND NUTRITIONAL HISTORY 
Gossypol - (1,1',6,6',7,7'-hexahydroxy-5,5'-diiso
propyl-3,3'-dimethyl [2,2'-binaphthalenel-8,8'-dicarbox
aldehyde), molecular weight 518.54, empirical for
mula C:3()H:.1)O,-isa yellowish pigment which occurs in 
certain species of cotton plant (Figure 1) (42). At least 
fifteen pigments have been isolated from the seeds, stem, 

and root of the cotton plant, but the predominant pigment 
isthe yellow one, which isconcentrated in the resin glands 
of the cotton seed (5). Gossypol was named by Mar
chlewski in 1899 (40); the chemical structure was iden
tified in 1938 by Adams and associates (2)and confirmed 
with the total synthesis by Edwards in 1958 (25). 

Gossypol occurs in three tautomeric forms: the aldehyde, 
the hemiacetal, and the phenolic quinoid; the major 
tautomer is the aldehyde form. Gossypol is markedly 
reactive and the phenol hydroxyls exhibit strongly acidic 
properties. Aldehyde-carbonyl groups can react with 
acids, bases, oxygen, and many other kinds of functional 

groups present in biochemical systems (5). Early inves
tigators developed methods of isolating and extracting 
gossypol from cottonseed kernels, using petroleum and 
diethyl ethers, and called the ether-extractable gossypol 
"free" gossypol. The gossypol in the gossypol-protein 
complex formed by the reaction of gossypol with seed 
protein was called bound" gossypol, because it could not 
be extracted by solvents (8, 9, 31). 

The fate of ingested gossypol in various species was 
studied by the Chinese investigators (43). In rats, 19 days 
were required for the elimination of 97% of labeled gos
sypol, indicating that the gossypol remained in the body 
for a long time and might accumulate with chronic admin
istration. In mice, rats, rabbits, dogs, and monkeys. the 
highest amounts of gossypol were found in the liver after 
oral administration. Large amounts were also found in 
muscle, kidney, and blood; no gossypol was detected in 
the brain. Most of the ingested gossypol was eliminated in 
the feces, with only small amounts eliminated in the urine 
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of the world; oil obtained from 
as a conjugate, or expired after decarbonylation. Although 	 cotton-producing areas 

cottonseed is useful in food preparation and cooking as 
the peak concentration of gossypol in the testes was lower 

than that detected in other organs, at low doses the testicu-	 salad oils, shortening, and margarine; cottonseed meal is 

used for animal feed and fertilizer; and high-protein cot
lar tissue was highly sensitive to gossypol. 

tonseed flour (e.g., Incaparina) is used to supplement 
Recent investigations by Lee and Mailing at the National 

protein-deficient diets in developing countries. 
Institute of Environmental Health Sciences in Research 

Gossypol is poisonous to nonruminant animals, including
Triangle Park, North Carolina, suggest that gossypol works 

humans. This has inhibited the economic utilization of 
by inhibiting an enzyme that has a crucial role in the 

cottonseed products for nutrition. In 1915, Withers and 
metabolism of sperm and sperm-generating cells (41). The 

as to the Carruth established that gossypol was the factor responsi
investigators have provided some information 

ble for the toxicity of cottonseed meal (61, 62). In order 
possible mechanism of action of gossypol, showing that its 

target enzyme is lactate dehydrogenase X. This finding that the cottonseed oil and meal could be safely consumed 

by humans and domestic animals, extensive research was 
indicates that gossypol does not affect either sex hormone 

' -tent each of undertaken, focusing primarily on the removal or detoxifi
levels or libido. It appears to inhibit to sorr-

cation of gossypol. Two excellent recent reviews, one by
several lactate dehydrogenases occurring throughout the 

body. Its greatest inhibitive effect, however, is on lactate Abou-Donia (1) and the other by Berardi and Goldblatt 

(5), document the laboratory animal and human research 
dehydrogenase X,which is found only in sperm and testis 

cells. Gossypol appears to be a competitive inhibitor of a on gossypol that has been carried out toward this end. 

cofactor necessary for enzyme activity, thereby inhibiting 
Incaparina studies 

sperm production. The agent also affects other enzymes. 


For example, in rodents, it can cause irreversible inactiva- In 1956, a research group at the Institute of Nutrition of
 
Centr-l America and Panama (INCAP) developed Intion of malate dehydrogenase, but this effect has not been 
caparina, a high nutritive food intended for malnourishedobserve,4 in human tissues. In rodents and humans, gos-

sypol al ) inhibits glutathione S-transferase, an enzyme children, pregnant and lactating women, and adults suffer

that participates in the detoxification of certain organic ing from protein/calorie malnutrition. Incaparina became 

compounds, including potential carcinogens (41). commercially available in 1959 (6). Based on cottonseed 

protein, Incaparina contains cottonseed flour, corn flour,
;ossypol in animal and human food 

lysine, yeast, calcium carbonate, and vitamin and mineral 

Although cottonseed is a by-product of cotton fiber pro- supplements. In developing the flour, and determining its 

safety as food, the investigators studied the metabolic 
duction, processing the seeds is a major industry in the 

(SYSTEMIC)(INTESTINAL) 

Lowers iron
Free and total 
gossypol intake Blood i Lowers lysine Anemia 

IBieReduces 	 free lysine 
Reduces iron 

Liver Enzymes? ReductionBlood 	 Protein synthesis in oxygen.re 	 LvrdmgFree and hydrolyzed 
Liver damage Reduces transport

gossypol? protein 
Other body synthesis 

Reduces irontise 

availability Kidney inurine 

IF~ Heart and 
Protein lung damage

Gossypol excreted 
y,ssypol excreted 	 deficiency 

maDEATH 
Figure 2. Sequence of events that may 
explain gossypol toxicity (Bressani). 
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activity of gossypol in experimental animals (swine, poul-
try, rats, and dogs) and in humans; the effects of cooking 
on the gossypol; and the long-range toxicity of gossypol. 

In their early Incaparina investigations, Bressani and as
sociates proposed that gossypol toxicity, or its an-
tiphysiologic effects, could be explained on the basis of its 
activity at the metabolic !evel. They developed a working 
scheme of gossypol toxiciuy action, as shown in Figure 2 
(6). 

In 1959, the investigators ran long-term feeding tests to
detect any possible harmful physiologic effects of gos-

sypol, especially with regard to lactation and reproduction. 

The levels of gossypol used in these studies were very 

small, about 3.5 mg/rat/day. No negative effects on repro-
qour-fed rats had relatively

duction were seen; cottonseec 
high fertility, possibly owing to the h,2h level of protein fed, 
which may have introduced some protection against the 
toxic effects of gossypol; litters were of normal birth weight. 
At the end of the study, organ weights were normal, andno 
pathologic effects were detected. The investigators con
cluded that the flour was safe for human consumption. 

With the growing interest in the antifertility effects of gos-
sypol, some investigators are considering extension of the 
Incaparina research to include follow-up evaluations of the 
3- to.6-year old children studied by Bressani's group in the 

SPECIES 
(REFERENCE) SYMPTOMS 

RATS appetite loss; growth rate 
(12,24,28) depression; diarrhea; anorexia;

hair loss; anemia 

CATS spastic paral. is,usually of(49) 	 hind legs; rapid pulse; dyspnea; 
cardiac irregularity 

posterior incoordination; stupor;DOGS lethargy; diarrhea; anorexia; 
(22, 23, 59) weight loss; vomiting 

stupor; lethargy; loss of 
RABBITS appetite; diarrhea; spastic
(34, 49) paralysis; decrease in 

litter weights 

SWINE "thumps" or labored breathing;
(14, 15.30, 55) dyspnea; weakness; emaciation 

1950s to look at their present fertility levels, and 
epidemiologic-fecundity studies of the populations ncw 
depending mainly upon Incaparina for their nourishment. 

TOXICITY 

Extensive research has been performed to determine the 
toxic effects of gossypol in different species. Gossypol is 
often toxic to dogs, cats, swine, chickens, rats, mice, 
rabbits, guinea pigs, and other nonruminant animals 
(18, 26). The toxicity is greatly increased when gossypol
is administered 	 intravenously or intraperitoneally. In ru
minant animals, oral gossypol is relatively non-toxic, 

piobably because of bacterial metabolism in the rumen 
which results in the bindingof gossypol to protein (1). 

The mechanisms by which gossypol causes tissue dam
age are as yet poorly understood. Toxicity may be due 
to the action of gossypol on specific enzymes, or inter
ference with amino acid, protein, or iron metabolism (5). 

The pathologic symptoms of gossypol toxicity are many 
and varied, depending upon animal species. The com
mon manifestations in a variety of laboratory and farm 
animals are depressed appetite, loss of body weight, and 
inefficient protein utilization (5). Cardiac irregularity is 
the most common acute toxic effect. In subacute reac-

POSTMORTEM FINDINGS 

intestinal dilation, impaction; hemor
rhagic congestion of stomach, intestines;

congestion in lungs, kidneys 

edema of lungs, heart; heart enlargement;degeneration of sciatic nerve 

lung edema; hypertrophy and edema of heart;
congestion, hemorrhages of liver, small 
intestine, stomach; fibrosis of spleen,
gall bladder; congestion of splanchnic organs 

hemorrhages in small intestine, lungs, brain, 
leg bones; enlarged gallbladder; edema, 
impaction of large intestine 

widespread congestion, edema of many
 
organs; fluid in body cavities; edematous
 
bladder, thyroid gland; flabby,

dilated heart with microscopic lesions;

renal lipidosis; atrophied spleens, myo
cardial injury
 

(Modified from Berardi LC, Goldblatt LA: Gossypol. InLiener IEled): Toxic Constituents of Plant Foodstuffs. New York, Academic Press, 1969, p251) 

Table 1. Symptoms and postmortem findings attributed to chronic toxicity of gossypol in cottonseed meals, selected 
nonruminants. 
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REVERTANTS PER PLATE 

TA 98 TA 100 TA 1535 TA 1537 TA 1538
 

-S-9 10-29 78-114 7-10 3-6 	 22-23GOSSYPOL (1.8- 125jig 

per plate) +S-9 26-45 101-117 8-12 6-9 29-30 

27 100 12 6 22
-S-9
NEGATIVE 26CONTROL +S-9 28 	 106 13 7 

TA 98. TA 1538Positive controls used: 2-nitrofluorene -strains 
100. TA 15352-acetylaminofluorene. methyl methanesulfonate -TA 

9-aminoacridine -TA 1537 

Doses of gossypol > 125 jg/plate -uere toxic to these strains 

acetic acid (Sigma Chemical Co., St. Louis, Mo) and gossypol formate (Shanghai Institute of Materia
Table 2. Gossypol 

Medica) tested in the Ames Salmonella mutagen bioassay.
 

seems to lead to loss in activity, suggesting that the 
tions, pulmonary edema occurs, and in chronic reac-

with a highlyantifertility effect might be associated
tions. malnutrition and growth retardation are seen. 

toxic effects of chronic gossypol potent trace constituent of cottonseed rather than with 
Table 1 indicates the 

gossypol itself (21).administration in cottonseed meal to selected nonrumi-
In studies with laboratory and farm species, the majornant animals. 

A variety of studies suggest that tolerance levels for gos-	 dietary factors employed to modify gossypol toxicity 

expression have been iron and protein quantity and/or 
sypol are definitely associated with the species and even 

observed that 
the strain of animal, the mode of administration, the 	 quality. In 1913, Withers and Brewster 

iron salts alleviated cottonseed toxicity (60). In 1928,
mineral and protein content of the diet, the cumulative 

Clark proposed that gossypol reacted with the free 
dose of free gossypol, and the type of gossypol adminis-

to form an insoluble complex
tered. It is not certain whether the toxic metabolic effects 	 amino groups of protein 

(11). After a survey of the literature, Harper and 
of gossypol are related to its infertility effects. Most gos-

physiologic effects of 
sypol studies in animals have been done with cottonseed 	 co-workers concluded that the 

ingested gossypol may be reduced or eliminated, within 
meal, rather than with pure gossypol. An intriguing find-

limits, by increasing the dietary level or quality of pro
ing is that more rigorous purification of the gossypol 

GOSSYPOL ACETIC ACID 
(Sigma) 

DOSE 
(Agperplate) 

2 
20 

200 

REVERTANTS 

G 428 
-S-9 +S-9 

34 58 
43 48 
39 59 

PER PLATE 
TR 2705 

-S-9 +S-9 

22 37 
24 37 
26 33 

GOSSYPOL FORMATE 
(Shanghai) 

2 
20 

200 

36 
45 
29 

68 
91 
44 

21 
30 
22 

30 
25 
39 

GOSSYPOL ACETATE 
(Peking) 

2 
20 

200 

42 
37 
40 

66 
48 
50 

31 
24 
34 

58 
60 
82 

SOLVENT ONLY (DMSO) 

STREPTONIGRIN 10 

42-48 

918 959 

27-49 

1017 703 

Table 3. Gossypol tested inAmes Salmonella strains positive for streptonigrin. 
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tein, and that a major effect of protein is reduced gos-
sypol absorption (32). 

Most investigative studies with minerals have invo! ed 

iron salts. Clawson and co-workers clarified the role ( f 
iron in preventing gossypol toxicity, and provided sup-
port for Clark's hypothesis that iron forms an insoluble 
complex with gossypol in the pig gut, since liver iron was 
inversely related to dietary gossypol, and dietary iron did 
not prevent injected gossypol toxicity (14, 15, 54). 
When high levels of iron (in 2:1 and 3:1 ratios of iron to 
gossypol) were added to the diet, pigs were able to sur-
vive, ingesting potentially lethal levels of gossypol, and 
gossypol accumulation in the tissues could be greatly 
reduced by dietary management (7). 

Soluble iron salts added to a gossypol-containing diet 
'ed to rats greatly improved survival rate and body 
weight gain, and the free and bound gossypol concen-
trations in the liver were reduced in direct relation to the 
amount of iron supplied. An inverse relationship was 
noted between the level of dietary protein and concen-
tration of free and bound gossypol in the tissues of pigs, 
suggesting that gossypol apparently became bound to 
protein while in the digestive tract, and the bound form 
was not absorbed (50). 

If the human reaction to gossypol is comparable to the 
reaction in tetst animals, a diet lacking adequate levels of 
protein, iron, or certain minerals could affect either the 
efficacy or the safety of its administration as an anti-
fertility drug, and malnutrition could severely affect gos-
sypol toxicity and its antifertility factors (32). 

GENETIC TOXICITY OF GOSSYPOL 

Using short-term mutagenicity screen tests, de Peyster 
has investigated the potential of gossypol to interfere 
with normal genetic replication processes. Results from 
these tests are frequently used to assist in predicting the 
potential teratogenic and carcinogenic hazard of achem-
ical. Gossypol acetic acid (Sigma Chemical Co.). gos-
sypol formate (Shanghai Institute of Materia Medica), 
and gossypol acetate (Peking, Dr. Liu Kuo-chen), were 
evaluated in a small battery of preliminary in vitro and in 
vivo tests, selected for their ability to detect different 
types of damage to cellular DNA. The three in vitro tests 
were the Ames Salmonella/mammalian-microsome test 
(3), the B. subtilis multi-gene sporulation test (39), and 
the S. cerevisiae D3 mitotic recombination test (51). The 
in vivo mouse sperm head abnormality test was also per
formed (63), using intraperitoneal doses of 2, 4,8,and 
16 mg/kg/day for five consecutive days. This test was of 
particular interest because of the Chinese reports of 


tmalformed spermatozoa" inthe male volunteers (43). 

Gossypol did not appear to be mutagenic in the in vitro 
tests (19, 20). The most extensive testing was done in 
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Figure 3. Induction of abnormal sperm head shape in B6C3 
mice by gossypol acetic acid. 

the standard test strains of Salmonella and in some 
newly developed Salmonella tester strains (Tables 2, 3). 
However, 8 mg/kg/day of gossypol acetic acid given to 
Charles River B6C3 mice did produce an increase in 
percentage of epididymal sperm with morphologically
abnormal heads. At autopsy, an average of 9% abnor
mal shapes was seen in the caudae of treated mice, 
compared with 1.4% in corn oil-treated controls (Figure 
3). Gossypol in doses of 16 mg/kg fday for five consecu
tive days was lethal to all mice in the group (n = 5). 
Using the same criteria for counting morphologically ab
normal sperm, de Peyster found that methyl 

methanesulfonate, a potent mutagenic alkylating agent, 
given in daily doses of 80 mg/kg, produced an average 
of 20% abnormal sperm. 
A wide variety of other chemicals with known muta
genic, carcinooenic aterheic w i l induce 
increased noges and teratogenic potential induceiresdnumbers of abnormal sperm (63), although 

ful unrstod Whethermseffe ofgs as 
fully understood. Whether the effect of gossypol was 
due to direct action on DNA contained in the sperm 
head or to indirect biochemical or other interactions 
cannot be determined by this test alone. Regardless of 
the mechanism involved, de Peyster observes that the 
possible implications of increased numbers of abnormal 
sperm should be considered. An elevated proportion ofabnormal sperm in the semen of fathers of spontaneous
aboruse n reporte (7 Sarly, someanes 
aor s bee thtsrturally abnorl spe ae 

generally not viable and are associated with infertility, 
although this isnot known for certain, and there is some 
experimental evidence to the contrary (53). Alterna
tively, abnormal sperm could also theoretically contain
non-lethal mutations which end up in the gene pool of 

future live offspring. Observance of a high frequency of 
abnormal sperm heads in which damage may have 
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MALE 
RATS 

MALE 
HAMSTERS 

MALE 

RABBITS 


DOSE 

5mg/kg/day 


5-10 mg/kg/day 


10 mg/kg/day 

10 mg/kg/day 

15 mg/kg/day 

5-15 mg/kg/day 

10 mg/kg/day 

1.25-10 mg/kg/day 

TIME
 

PERIOD 


8 weeks 

14 weeks 

8 weeks 

12 weeks 

4 weeks 

6-14 weeks 

10 weeks 

5-15 weeks 

EFFECT 

number of implantation sites in mated 
females not significantly decreased 

no toxicity; did not disturb sex 
drive or mating abilil 

3 of 9 females mated to treated males 
not pregnant 

2 of 6 females mated to treated males 
not pregnant 

4 of 6rats died 

no toxicity 

4 of 6 females mated to treated males 
not pregnant; in 2 pregnant hamsters,
significantly reduced number of implan
tation sites compared to controls 

5 rabbits in good health, unchanged 
body weights; I rabbit died; effect 
on sperm production minimal or non
existent 

were periodically
Table 4. Results of oral administration of gossypol acetic acid in ma12 rats, hamsters and rabbits; males 

mated with proestrous females that were subsequently killed and number of implantation sites recorded (10). 

occurred through chemical interaction with DNA could 

also reflect concurrent DNA interaction in somatic cells, 

eventually leading to tumors or cell death. 

Although these preliminary results and those of other in-

vestigators (16) would seem to indicate that gossypol 

does not hve obvious mutagen'ic potential, de Peyster 

ifconcludes that more extensive testing is warranted 

safety with regard to genetic effects is to be assured. 

ANTIFERTILITY STUDIES 

Much remains to be learned about gossypol toxicity and 

efficacy, the reversibility of gossypol-induced infertility, 
sper-and the mechanism of 	 action of gossypol on 

a number of studies have beenmatogenesis. To this end, 
small animals and sub-human primates,initiated using 


Some of these studies are described below. 


Animal studies 

M. C. Chang, Gu, and Saksena studied the antifertility 
effects of orally administered gossypol acetic acid in male 

rats, hamsters, and rabbits (10). The summary of these 
studies isshown in Table 4. The male hamsters appeared to 

be more sensitive to the antifertility effects of gossypol and 

less sensitive to the toxicity effects than were male rats. In 

male rabbits, although sperm motility was disturbed in 
some cases, the number and fertilizing capacity of sperm 

were not adversely disturbed. In some gossypol-treated 

rats, the numbers of sperm in the vas deferens or 

epididymis were decreased, but this was not true in the 
male hamsters. Also, the motility of sperm in the hamster 

more mtility ospoi the haste
aleamste 

more affected by gossypol than was the
appeared to be 
case in the rat (10). 

Waller and Zaneveld found that rabbits were very suscep

tible to toxic effects of gossypol acetate, and rats were 

resistant to its antifertility effects (57) (Table 5). They noted, 
been dosed for severalhowever, that if the rats had 

additional weeks, an antifertility effect may have been 

studies, Bardin, Sundaram, andachieved. In other rat 
C. C. Chang, using gossypol acetic acid, found that the 

majority of treated animals became infertile; sperm con

centration was significantly reduced, and increased 

numbers of nonmotile and abnormal sperm were seen in 

the cauda epididymidis (4) (Table 5). The mating perfor

mance of the rats was normal, and histologic examination 
noof the organs of gossypol-treated animals showed 

deviation from normal. 

Hoffer and associates compared the effects of two different 
samples of gossypol (gossypol monoacetate from China* 

and a pure form of gossypolt), since at least some of the 

. 
*Provided by Dr. Sheldon Segal at the Rockefeller Foundation (Peking
Batch # 1). 

'Obtained through Dr. Guy Jividen. with the United States cotton indus
try. 

7 



toxicity of gossypol may reside in contaminating corn- sacrificed weekly and the testes and epididymides excised. 
pounds (33). The investigators looked for differences in Damage was seen in the seminiferous epithelium in the 
purity, toxicity, or effect on the morphology of reproductive form of intercellular vacuoles, Sertoli cell vacuolization, 
organs between these two compounds, when given to and atrophic seminiferous tubules, but only in relatively 
male rats at the lowest dose of gossypol (7.5 mg/kg) few seminiferous tubules (Figure4). By contrast, there was 
reported by the Chinese to be effective in producing infer- widespread damage to epididymal sperm, easily detecta
tility. No differences were seen in the morphologic e,,ects' ble by electron microscopy at week five (Figure 5). No 
of gossypol or gossypol monoacetate on the testis or morphologically demonstrable effects on the epididymal 
epididymal sperm, at the doses and time intervals studied, or vasal epithelium were observed. The discreparncy be

tween the widespread damage to epididymal sperm and 
In another study. Hoffer studied the ultrastructural effects the more limited extent of testicular damage was intriguing 
of higher doses of gossypol (20 and 30 mg/ig/day), fed by to the investigators. Although some defective spermatids 
gavage to rats for seven weeks (Table 5). -[he animals were could be detected in the testis with the electron micro-

AMOUNT OFGOSSYPOL 
SPECIES & DURATION 

(REFERENCE) OF TREATMENT 

RABBIT 40 mg/kg/day
(57) 	 33 days 

RAT 40 mg/kg'day 
(57) 	 28 days 

RAT 7.5 mg/kg/day 
(4) 12 weeks 

RAT 20 and 30 mg/kg/day(33) 	 7 weeks 
7weeks 

0, 5, 20 mg/animal/day 

ADULT 3 months 
RHESUS 

MONKEY 

(4) 


80 mg/animal/day 
7 weeks 

EFFECTS&
 
MORPHOLOGICAL
 

FINDINGS 

weight loss, death; epidid-
ymal sperm unchanged; severe 
liver and lung congestion. 
edema, intraperitoneal fluid 

normal health throughout; 
epididymal sperm appeared
normal 

sperm concentration much ie
duced; nonmotile, abnormal 
sperm in cauda epididymides; 
sperm broken, sperm heads 
separated from tails, tails 
sharply bent mating normal; 
serum LH. FSH, T normal 

damage to seminiferous epi
thelium; widespread damage to 
epididymal sperm by wk 5; no 

morphologically demonstrableeffects on epididymal or vasal
epithelium; no statistically 

significant changes iniserum 
FSH. LH,T or rates of fatty 
acid and cholesterol synthesis 

no chat ges in blood ch-mistry 
val',. CBC. or androgen.
gonadotropin ievels: serum 

potassium levels normal; no 
change in sperm count, although
decapitated spx:m frequent 

no effect oi testes function: 
plasma LH and T normal sperm 
count, motility, morphology 
normal 

CONCLUSIONS 

no antifertility effects, 
probably because toxic effects 

so severe 

no antifertility effects, but 
ifstudy continued longer, anti
fertility effects might occur 

majority of rats infertile; 
return to fertility slow 
(12 wks post-treatment) 

total inhibition of sperm motility by 7 wks of treatment 

animals resistant to antifer
tility
effectsi 20ag/animal
 
dose 5x antifertility dose
 

ds 5umantifertilityd 
in humans, compared on body
weight basis 

STUMPTAIL it). 25. 50, 100 mg/tnt motility of sperm in vaginal 
MACAQUES gossypol/PVP fluid of mated females de- 80"".+ spermatazoa immotile at 

(56) 	 co-precipitate creased with increasing con- doses of 50 mg/ml co-precipitate 
centrations of gossypol 

Table 5. Findings of selected gossypol studies in small animals and subhuman primates. 
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tives of gossypol including apogossypol hexacetate, whichscope, deleterious changes were much more apparent in 

sperm which had already passed into the epididymis. The isreported to be less toxic than gossypol, with the idea that 

investigators theorized that the flagellar components in the the antifertility action of gossypol could be separated from 

testis might be destabilized by gossypol treatment. and its toxicity by modifying its structure. 

that this instability manifests itself during epididymal Sundaram and associates found the male rhesus monkey 

transit (33). resistant to the toxicity and antifertility effects of gossypol 

no statistically sig- (4) (Table 5). Afteradministrationofgossypolaceticai-dtoIn biochemical studies. Hoffer found 
nificant chang,,s either in serum FSH, LH, or testosterone the monkeys for three months, no changes were seen in 

in gossypol-treated rats, or in rates of testicular fatty acid blood chemistry values, complete blood count, androgen 

and cholesterol synthesis. Sperm motility was examined at or gonadotropin levels, or serum potassium levels. Sperm 
were normal, although decapitated sperm were seven weeks, and total inhibition of sperm motility was counts 


noted. Bardin. Sundaram, and Chang (4) also examined frequent.
 

effects of gos ,ypol on serum levels of LH. FSH. and testos- Hahn found that the hamster was much more sensitive to
 

terone in rats and found that they were normal. the antifertility effects of gossypol than rats or mice (29).
 

Hoffer is also looking at the antifertility properties and 	 High levels of gossypol administered to male mice caused 
toxic effects before any antifertility effect was observedmorphological effects of a number of analogs and deriva-

3 ol 	 4 woeke 

75i f~.. .. .. 

.... 

Figure 5. Electron micrograph of sperm in the lumen of the 
vas deferens of a gossypol-treated rat, showing sections 

-.-	 through the sperm tail. This is from the vasal lumen after 4 

Figure 4. In asmall proport-on of seminiferous tubules of rats 	 weeks of 7.5 mg/kg/day of gossypol. In general, five different 
types of defect can be identified: Supernumerary or displacedtreated xith gossypol, deleterious effects of gossypol treat-
outer dense fibers (ODFs), missing ODFs and/or doublets inment including the occurrence of atrophic seminiferous 

tubules and the presence of large intra- and intercellular principal piece, early signs of mitochondrial degeneration in 

vacuoles in the seminiferous epithelium can be observed. midpiece, profiles consisting only of ODFs but devoid of 

This isa light micrograph of an entirely atrophic seminifer- mitochondria or fibrous sheath, and double tails. In the 

ous tubule from a rat treated with 7.5 mg/kg/day of gossypol micrograph shown here, missing or displaced ODFs, double 

for 4 weeks. Most of the cells seen here are Sertoli cells, and tails,vacuolated mitochondria and cytoplasmic droplets con
taining large numbers of ODFs can be observed. (With per-Sertoli cell nuclei can be recognized by their prominent 


nucleoli. (With permission of Anita P.Hoffer) mission of Anita P.Hoffer)
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AMOUNT OF GOSSYPOL 
SPECIES & DURATION 

40 mg/kg/day
5 wks 

MALE 20 mg/kg/day 

MOUSE 5 wks 


10 mg/kg/day
5wks 

10 mg/kg/day 
5-6 wksMALE 

HAMSTER 20 mg/kg/day 
3 wks 

FEMALE 80 mg/kg/ on each 

RAT of 3 days prior to
expected ovulation 

40 mg/kg on days 
1-13 of pregnancyFEMALE 

MOUSE 80 mg/kg on days
1-13of pregnancy 

(Table 6). At lower dose levels, th2re was less toxicity but 
no antifertility effect. In male hamsters, however, a partial 
antifertility effect was noted at five to six weeks, while at a 
higher dose level, a total antifertility effect was noted at 
three weeks. 

In fertility studies of the female rat, a dose of gossypol on 

each of the three days prior to expected ovulation failed to 
inhibit ovulation (29). In the female mouse, administration 
of 40 to 80 mg/kg gossypol during days one to 13 of 
pregnancy resulted in nonviable offspring (26%-100% of 
the litters), 

Waller, Cameron, and Zaneveld evaluated the vaginal 

spermicidal efficacy of a gossypol-polyviritilpyrrolidonef agosspolpolvinypyrolionespericial fficcy 

(PVP) co-precipitate inserted into the vaginas of female 
Macaca arctoides (stumptail Macaques) (56). Immediately 
following insertion of the co-precipitate, the females were 
mated with males and a sample of vaginal fluid obtained. 
Spermatozoa were observed under a microscope for motil
ity, and samples were tested with gossypol-PVP in con-
centrations of 10, 25. 50, and 100 mg/mI in a gelatin base. 
With increasing concentrations, a decrease in motility oc-
curred. More than 80% of the spermatozoa were immotile 
at doses of 50 mg/ml or greater. 

In vitro studies 

Waller. Zaneveld. and Fong studied the in vitro spermicidal 
to a modified Sander/activity (determined according 

Cramer method) of gossypol, gossypol acetic acid, and 
polyvinylpyrrolidone (PVP) (58). No decrease in sperm 

EFFECTS 

toxicity before antifertility 
effect achieved 

no antifertility effect, 
little toxicity 

no antifertility effect 

partial anti-fertility 
effect 
total antifertility 
effect 

no inhibition of 
ovulation 

26% of litter nonviable 
4/,.of control nonviable 
100T of litter nonviable Table 6. Summary of findings by Hahn

et al. with gossypol acetate in rats, 

mice, and hamsters (29). 

motility occurred at concentrations as high as 150, 150, 
and 200 mg/ml, respectively. On the other hand, a 
gossypol-PVP co-precipitate caused complete immobiliza
tion of all spermatozoa at 5 mg/ml within three minutes, 
and total immobilization in 20 seconds at 40 mg/ml
(Table 7). 

An in vitro study by P6s6 and co-workers in Helsinki, using 
freshly obtained human spermatozoa, also showed that 
small concentrations of gossypol (25 to 100 t. moles/liter) 
inhibited sperm motility and interfered with glucose and 
fructose utilization by the spermatozoa (44). A study of 

on sperm velocity and percentage ofgossypol effects 
a assemen sample indicateda thatrapidly moving sperm ingossypol in doses as little 1 ng/ml produced 90% 

reduction of sperm motility (47). 

HUMAN STUDIES 

Thus far, over 10,000 healthy men in China have taken 
either gossypol acetic acid or gossypol formic acid as 
contraceptive pills for more than six months, and more 
than half of them have been clinically observed for two 
years (41). Subjects were initially treated with 20 mg 
daily for about two months. After either reduction of 
sperm count to below 4 million/ml or production of nec

the subjects were shifted to a maintenancerospermia. 
dose of 75 to 100 mg twice a month. 

Examination of semen showed nonmotile, malformed, 
and dead sperm, as previously observed in the rat 
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CONCENTRATION* 
(mglml) 20 SECONDS 

30 + 
PVP 70 + 

200 + 

20 + 
40 + 


GOSSYPOL 80 + 

(FREE) 100 + 


150 + 

20 + 


40 + 
ACETIC 80 + 

ACID 100 + 

150 + 

GOSSYPOL 

1 + 

5 + 


GOSSYPOL- 10 + 

PVP 

20 + 

40 

studies. Exfoliated abnormal spermatids and spermato-
cytes were also present in the semen. Azoospermia was 
achieved as treatment continued, 

Serum LH and testosterone levels remained within nor-
mal range. Some men developed elevated levels of 
pyruvate transaminase and mild changes in electrocar-
diographic patterns: others experienced lowered blood 
potassium levels, however these findings could not be 
linked conclusively to the use of gossypol. 

Initially, some men experienced fatigue, increased or 

decreased appetite, gastrointestinal complaints, or 

decreased libido, but these symptoms gradually disap-

peared without discontinuation of pill use. The subjects 

usually recovered fertility after discontinuation of treat-

ment for three months (41, 43). 

Investigators at the Nanjing Institute of Materia Medica 
studied 148 men who had used gossypol as a contracep-
tive sometime between 1972 and 1977 (37, 45). They 
found that 4.7"4 suffered "apparent hypokalemic 
paralysis", a condition arising from a deficiency of potas-
sium in the body. By comparison, only 0.1% of 8,482 
married men of approximately the same ages and occu-
pations, who had not used gossypol, experienced the 
deficiency disease during the same period. The inci-
dence of the condition appeared to be regional, how
ever; the greatest incidence was in Nanjing, while in 
many other districts, no cases were reported among gos-
sypol users. A survey of the potassium content of princi-

3 MINUTES * amount titrated per milliliter of saline 
+ motile spermatozoa present 

+ - no motile spermatozoa found 
+ 
+ (Modified from Waller DP, Zaneveld 

LID, Fong HHS: In vitro spermicidal
activity of gossypol. Contraception 

+ 22(2):185, 1980) 

+
 
+
 
+
 

+ 

+
 
+
 
+
 
+
 
+
 

+ 
-

-


-

- Table 7. Antimotility effect of PVP, gos
sypol, and gossypol derivatives. 

pal foods in the Nanjing diet revealed an average potas
sium intake below the generally accepted nutritional 
requirement. 

The investigators reported that when the diet of rats was 
modified to lower their potassium intake, gossypol 
appeared to affect their potassium metabolism (46). In 
human studies, the investigators compared gossypol
using patients with hypokalemia and normal controls 
who had never used gossypol, monitoring the amounts 

of dietary potassium that they excreted. They found that 

the total level of potassium in gossypol users' body tis

sues was lower than that of the controls, and that it re

mained lower even when the potassium in blood plasma 
normal concentraand intercellular fluids returned to 

tions. Other experiments showed that gossypol was 
responsible for renal potassium loss, and that this 
mechanism was the cause of the onset of hypokalemic 
paralysis. When gossypol users in Nanjing who showed 
early warning symptoms of hypokalemia paralysis, such 
as fatigue and muscle weakness, took dietary supple
ments of potassium salt, they did not develop 
hypokalemia paralysis. The investigators concluded that 
increasing the level of potassium in users' diets would 
probably help to prevent gossypol-related hypokalemia 
(45). 

Other than these Chinese studies, no human studies utiliz
ing gossypol as a male contraceptive agent have been 
reported. Chinese investigators have started a new series 
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of human trials involving five clinical research centers. 

Approximately 1,000 men will have complete baseline 

studies performed, including blood counts, biochemistry, 
and semen analysis. Repeated studies will be done at 
regular intervals during gossypol initiation, and during the 
period of gossypol maintenance. Gossypol will be discon-
tinued after varying months of use, following which semen 
analyses and other biologic parameters will be closely 
monitored to determine the time required for return to 
normal (reversibility). 

CONCLUSION 

There is no question that the oral administration of gos-

sypol in appropriate doses causes severe oligospermia 
and azoospermia in certain susceptible species, including 

humans. Whether the original Chinese optimism regard-
ing the potential of gossypol as a useful male contracep-
tive agent will prove correct will depend upon new 

research, in both animals and humans, that will address 

the significant issues of toxicity and reversibility. 

Laboratory investigations to determine the 

mechanism(s) of action of gossypol possibly could lead 

to the development of synthetic compounds exhibiting 
the desired antifertility effect without the toxic effects so 

far noted in certain animals. 

As it is obvious that no animal model can substitute 
effectively for the human, carefully designed clinical 
studies should be performed in settings that can provide 
additional information on dose-response, efficacy, side
effects, metabolic effects, and reversibility potential. 
Nutritional studies must be undertaken to determine the 

positive or negative effects on these parameters when 

gossypol is administered with supplements of iron, 
potassium, protein, or amino acids. The quality of diet is 

likely to be an important factor if gossypol is to be used 

as a male antifertility drug in developing countries. 

Certainly, if developed into a practical contraceptive pill 

for men, gossypol will make a far-reaching contribution 
in fertility regulation, and it is likely to have an enormous 

impact on society and on the lives of individuals. The 

sources and supplies of gossypol from cotton and related 
plants are abundant. As a contraceptive drug, gossypol 
could be self-administered and convenient to use. If the 

safety of gossypol and the reversibility of its contracep

tive action can be confirmed, the use of gossypol in fertil

ity regulation will represent a great achievement in 

science, and will contribute to human welfare. 
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FEM ,STERILIZATIUSING _cI4MCEM 

C66hibia UniViuafv 10 f h" ia d 
Director, Obstetriia~lnG =ncu~a ~uwg ~C 

of fertilitySterilization is a highly effective means 

regulation and ranks as the most popular method 

worldwide. Male sterilization using vasectomy can be 

accomplished with relative ease as a minor surgical 
procedure that does not invade the peritoneal cavity, 
Vasectomy can be performed on an outpatient basis by 

trained paramedical personnel and can be offered 

through large-scale programs. A man undergoing the 

procedure may experience local complications, such as 

incisional pain, hematoma, or wound infection, but 

because the peritoneal cavity is not entered, major 

complications seldom occur and deaths directly related 

to the procedure are rare. Infection with tetanus or 

anthrax, the principal cause of vasectomy-associated 
deaths, is most likely to occur in areas of the world where 

hygieneapproach 

Female sterilization using conventional techniques is 

always a surgicai procedure requiring invasion of the 

peritoneal cavity. Whether ligation or electro-coagula-

tion of the fallopian tubes is performed by means of a 

postpartum incision, a laparoscopic puncture, or a 

minilaparotomy speculum, the peritoneal cavity is ex-

posed to potentially fatal invaders that inhabit the 
nonperitoneal world, and the surgical manipulation and 
treatment may cause major injuries to the abdominal 

viscera and blood vessels. Significant morbidity is dif

ficult to avoid, especially in large series of patients, or in 

less sophisticated environments, and deaths, though 

rare, do occur. 

Conventional female sterilization techniques cannot be 

offered on a broad scale, because most procedures 

require the considerable training usually possessed by a 

gynecologist or general surgeon; throughout the develop-

ing world, physicians, particularly those with specialty 

training, are concentrated in the cities, whereas 80% of 

the population lives in rural areas. The few available 
meet even the acute medicalphysicians are unable to 

needs. 

Many family planning specialists and policy makers 
believe that voluntary sterilization, because of its high 
effectiveness and acceptability, must become the main
stay of family planning programs. But, for the reasons 

mentioned, the conventional surgical approaches for 

female sterilization cannot be used in many areas of the 

world. Thus, a procedure is needed that can be per

formed without surgical entry of the woman's abdominal 

cavity, and is safe, effective, inexpensive, simple in 
design, and easy to learn. 
The most promising nonsurgical female sterilization 
approach prs ing evala e st eril 

presently being evaluated is the transcervical 
introduction into the fallcpian tubes of a pharmacologically 

active agent to prod,,ce tubal closure. Such a system has 

been sought for more than a century, and during the past 

two decades, many chemical agents have been tested, 

some in clinical trials. 

A major problem with this approach is that most agents 
that are toxic to the tubal epithelium are also toxic to the 

peritoneum and the pelvic viscera. Finding a system that 

permits blind delivery of toxic agents to the fallopian 
tubes without allowing the agent to reach the peritoneal 

The major research efforts to develop a safe and effective 

nonsurgical means of blocking the fallopian tubes are 

described in the following sections, and clinical studies 

with several promising chemicals and delivery systems 
are detailed. 

AGENTS FOR TUBAL CLOSURE 

Chemical agents that have been tested for tubal blockade 

and fall into major categories:are numerous several 
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Caustic, sclerosing, granuloma-producing, and cytotoxic 
agents, acids and bases, tissue adhesives, and agents that 
are not pharmacologically active. 

Strong caustic agents. In 1849, Froriep reported the 
use of a nitric acid-coated probe, passed transcervically 
on the tip of a cannula, to engage the tubal ostia and to 
cauterize the tubal lumen (20). Over the next hundred 
years, a number of caustic agents, such as silver nitrate, 
zinc chloride, copper sulfate, and formalin, used alone or 
in combination with ethanol, were tested for their ability 
to produce tubal closure in a number of animal species 

AGENT ANIMAL REFERENCE(S) 

SILVER NITRATE Rabbit 
Pig
Monkey
Human 

(37, 48)
(37)
(36)
(2, 45,49) 

ZINC CHLORIDE Rabbit 
Rat 
Monkey 
Human 

(48)
(58)
(36) 
(2) 

COPPER 
SULFATE 

Rabbit 
Rat 

(51)
(56) 

FORMALIN (alone 
or with ETHANOL) 

Rabbit 
Rat 
Human 

(51) 
(57) 
(10, 57) 

Table i. Strong caustic agents used to block thefallopian tubes. 

Silver nitrate, zinc chloride, and copper sulfate all 
produced similar reactions, regardless of the species 
tested: Immediate, extensive necrosis, inflammation, 
and edema. The extent of injury was dose-related and 
with higher doses of the agents, the entire wall of the 
fallopian tube became necrotic and the animals died, 
presumably of chemical peritonitis. Despite the massive 
injury, however, tubal chsure was rarely achievei with 
these agents, and epithelial regeneration and re-estab- 
lishment of the tubal lumen were common. The tubes 
were usually damaged severely, and complex intratubal 
adhesions simulating the follicular salpingitis found in 
,itmanswere frequent following a healing phase. 

Attempts to increase the closure rates using gelfoam, 
e s a mh r sponges, gauze strips, and surgical mesh repair materials 

were unsuccessful, as was the use of granuloma-
producing chemicals and other agents to potentiate the 
action of these acute necrosis-producing agents (48). 

Chronicity of exposure was important, and when silver 
nitrate was placed in a slow-release vehicle, it proved to 
be a technically satisfactory tube-closing agent. In 
human clinical trials, however, this combination proved 
unsatisfactory, because it was as caustic to the peritoneal 

cavity as to the fallopian tube and produced a chemical 
peritonitis (451. 
Formalin, alone or with ethanol, is a potent tube-closing 

agent and produces sclerosis of the endometrial cavity in 
small animals (51), but in clinical trials, the closure rate 
after multiple applications was insufficient to warrant 
continuing efforts (57). 

Strong acids and bases. A variety of strong acids and 
bases have been used to treat the fallopian tubes ofanimals and humans. Sulfuric acid, salicylic acid, carbolic
acid (phenol), and sodium hydroxide were all studied in 

the rabbit by Richart and co-workers (48). Phenol was 
used in combination with tincture of iodine in humans by 

Brazilian midwives (50), and in combination with a 
mucilago compound by investigators in the People's 
Republic of China (43). 

These agents had an immediate effect on the epithelium
of the fallopian tube and endometrial cavity, producing 

tissue destruction and both acute and chronic inflam
mation. As with the strong caustic agents, the effects 
were dose-related, and complete-tubal necrosis could be 
produced with a sufficiently high concentration of these 

highly active chemicals. When delivered without a slow
release carrier, they were difficult to control and not 

infrequently spilled into the peritoneal cavity, where they 
produced acute chemical peritonitis and necrosis of 
pelvic structures. Phenol is the only agent in this group 
that has been used in humans, but it is effective only in a
compound that limits its accessibility to the peritoneal 

cavity and apparently limits its release rate as well. When 
the agent is used alone and produces acute effects, tubal 
damage is the rule, but tubal closure is the exception. 

Sclerosing agents. Sclerosing agents, commonly used 
by vascular surgeons for the obliteration of vessels, have 
also been applied to the endometrial cavity and fallopian 
tube in an effort to produce closure. Sodium morrhuate, 
sotradecol, and sodium lauryl sulfate have all been 
studied in animals (48), and sodium morrhuate has been 
used in humans as an adjunct to tubal ligation (15, 38). 
Sclerosing agents have not been useful in producing tubal 
blockade and appear not to be effective in producing 
epithelial necrosis or fibroblastic ingrowth. 

Granuloma-producing agents. A large list of gran
uloma-producing agents, among them talc, asbestos,
cellobiose, silica, diatomaceous e,'rth, beryllium nitrate, 
quartz, silc , a e be y nied itrand 

quartz, and plant cells, have been studied in rabbits andmonkeys (48, 51) and talc granules were used by 
Ringrose in an attempt to potentiate the action of silver 

nitrate in humans (49). These agents do produce 
granulomata in the wall of the uterus or fallopian tube, but 
the granulomata never reach sufficient size to produce 
tubal blockade, and the agents have no effect on the 
epithelial lining. If they reach the peritoneal cavity, they 
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also produce adhesions and granulomata on peritoneal 
surfaces and the pelvic viscera, a serious drawback to 
their use as potentiating agents in combination with more 
effective compounds. 

Cytotoxic agents. ThioTEPA and quinacrine have been 
studied in animals (48,55,58,60) and quinacrine has been 
studied extensively in humans (1,3, 4, 9, 27, 30, 61). The 
mechanism of action of quinacrine in producing fallopian 
tube blockade is not known, but itappears to be species
specific and highly dose-related. Quinacrine binds to 

DNA, apparently intercalating between the coils of 
double-stranded nucleotides at the A-T base pairs. When 
the quinacrine is bound to DNA, the bound portions of 
the molecule are less likely to be replicated, ind synthesis 
of DNA, RNA, and protein decreases. Histologically, in 
humans quinacrine appears to exert its effects only in the 
interstitial portions of the fallopian tube, where it produces 
subepithelial hyalinization and scarring, and destruction 
of the tubal lining epithelium. The effect appears to be 
highly localized and variable, and the precise mechanism 
is not known. 

Cadmium, colchicine, and podophyllin have also been 
investigated but appear to be ineffective (58). 

Tissue adhesives. Tissue adhesives from the cyano
acrylate series of compounds have been studied in a 
number of animals and in humans (6, 35, 36, 37, 48, 53) 
and the methyl de-ivative has been found to be effective 
in closing 'he fallopian tubes (6). Both ethyl and isobutyl 
cyanoacrylate cause less local toxicity than the methyl 

compound, and although both function as effective tissue 
adhesives, the failure to produce local necrosis makes 
them ineffective in closing the fallopian tubes (48). 
Gelatin resorcinol formalin (GRF) has been studied in 
experimental animals and, although itproduced functional 
sterility in the rabbit, at histologic examination the 
majority of the tubes were patent, and GRF was not 
explored further (12, 13, 23). 

Other agents. Although not pharmacologically active, 
silicone rubber and hot water have also been used to 
close the fallopian tubes, and both are potentially 
amenable to outpatient sterilization procedures (11, 14, 
17, 24, 31, 32, 33, 39, 40, 41, 51) (Figures IA and IB). 
Silicone rubber was first studied by Hefnawi and co
workers in rabbits (24) and subsequently re-examined 
,-ingdifferent formulations by Erb and co-workers and 

Davis and co-workers in rabbits and monkeys (13, 17). 
The Erb formulation has also been applied in humans, 
using a special mixing device and a specially-designed 
hysteroscope for its administration (i8, 40,41). Rakshit 
reported human trials with blindly delivered silicone 
rubber techniques (39). Moulding and associates have 
reported the use of hot water to obliterate the tubal 
epithelium, but this approach has not been used clinically 
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(31, 32, 33). Droegemueller has described an apparatus 
for producing necrosis cryotherapeutically at the utero
tubal junction of the baboon; this apparatus has also been 
usedl in a limited clinical trial (16, 21) (Figure2). 
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Figure IA. Schematic drawing of the application of 
silicone rubber to the human fallopian tube using hyster
oscope applicator system. (Illustration courtesy of 
Dr. T P.Reed). 

Figure lB. Configuration of formed-in-place silicone 
rubber oviductal plug with retrieval loop on the left end. 
(Photograph courtesy of Dr. T. P. Reed). 
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Figure 2. Cryotherapy probe used to treat the cornual 
and lower interstitial segments of fallopian tube in 
humans. (Photograph courtesy of Dr. W. Droegemueller). 

DELIVERY SYSTEMS 
An important factor in developing a practical trarscervical 
method of sterilization is to find a system whereby a toxic 
chemical can be delivered to the site where it is to 
produce the desired destruction without damaging sur-
rounding tissues. Most of the agents mentioned above 
are toxic not only to the tubal epithelium, but to the 
peritoneum and pelvic viscera as well. Possible excep-
tions are quinacrine and methylcyanoacrylaie (MCA), 
which seem not to be toxic inthe peritoneal cavity unless 
introduced in very large amounts. Agents that produce 
immediate acute necrosis with wide-spread tissue damage 
and acute inflammation appear not to be satisfactory for 
tubal closure, since their flow cannot be controlled. They 
have consistently leaked from the fallopian tube into the 

peritoneal cavity, producing local or generalized periton

itis, depending on the volume reaching the peritoneal 

surfaces. 

Attempts to control the flow of these cauterizing agents, 
by combining them with inert carriers or polymeric 
systems, have usually been unsuccessful, since the 

agents are chemically so active that there are very few 
systems with which they can be utilized. No satisfactory 
slow-release system for delivering highly caustic agents 
has yet been devised that produces tubal closure without 
undesirable or dangerous side effects. Some of these 
agents would probably produce effective tubal closure, if 
it were possible to combine them in a slow-release 
delivery system, but efforts to develop such a system 
have not succeeded, and no new approaches are cur
rently being studied. The problem is further compounded 
by the fact that most potentially useful carriers, such as 
thixotropic gels or carboxymethylcellulose, have a high 
viscosity that inhibits their easy flow through the inter
stitial portion of the tube. 

Viscosity is an important variable in considering a 
method for delivering tube-closing agents, in the selection 
of the agents themselves, and in the development of 
active agents and carriers. The uterotubal junction is 
small and leads to a several-centimeter long, narrow, 
interstitial tubal segment which, in turn, is contiguous 
with the slightly wider isthmic tube and the increasingly 
wide ampulla and fimbrial sections. Since the tube is, for 
practical purposes, a fluid-filled potential space, and since 
the tubal orifice can be dilated to only 1 to 2 mm 
mechanically, considerable hydrostatic pressure is re
quired to force a fluid into the tube for any significant 
distance. 

Delivery is much easier with a substance of low viscosity, 
and becomes increasingly difficult as viscosity increases. 
Substances such as GRF (12) and the silver acetate/ 
alginate mixture (22) are difficult to work with and to 

deliver using a catheter, a cannula, or other delivery 
technique. The hand-held cannula described by Corfman 
and Taylor (7), the balloon-tipped cannula systems 
described by Moulding and co-workers (34), and the 

tube-finding cannula developed by Battelle Laboratories, 
which has extendable arms designed to form a triangle 
(19), all were unable to pump viscous materials without 
being forced away from the cornua. The only systems 
that have delivered tube-closing agents successfully in a 
reproducible fashion have been those in which the tubal 
orifice is cannulated directly (1), or blindly (43), or those 
in which the uterus and fallopian tubes become a closed 
system and medication is forced into the tubes under 
pressure (47, 52). 
Erb and his colleagues have used a specially-designed 
hysteroscope, shown in Figure 1A, to deliver silicone 
rubber to the fallopian tubes, but have reported that 
appro telopates cnt be reted tht 

system because the geometric configuration of the 

uterus precludes adequate tubal cannulation (42). Ifthe 
catheter is not precisely placed in the uterotubal orifice, 
the high pressure required to drive the silicone rubber 
into the fallopian tube also causes leaking around the seal 
and inadequate application of the material. 
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Other agents, such as MCA and quinacrine, have also 

been delivered using hysteroscopy, and the investigators 

reporting on these attempts have noted similar difficulties 

in tubal cannulation (1, 29). Although the hysteroscope is 

useful in a variety of clinical applications, it is a difficult 

instrument to use, service, and maintain; considerable 

training and experience are required before an operator 

becomes skilled in its use, and a delivery system based on 

hysteroscopy will probably be too complicated for use 

either in the developing world or in most of the developed 

world. 

Two systems for the application of MCA have been 

tested in clinical studies. Both produce a closed system 

by blocking off the uterine outflow tract with an inflatable 

balloon. With the blind delivery system described by 

Stevenson and Taylor, the MCA is applied under 

pressure, pi oduced by injecting anexcess of fluid into the 

uterine cavity through a cannula; the fluid then finds its 

way into the tubal orifice and the fallopian tubes (53). 

With this system, controlling the volume of fluid or 

delivering the chemicals with precision is difficult, but the 

system has been effective in clinical trials with MCA, 
is only slightly inhibited,whose polymerization time 

because the flow of the adhesive becomes self-limited as 
turnsthe viscosity rapidly increases and the monomer 

into a solid plastic. 

Figure 3. Schematic drawing of FEMCEPT device. A 

balloon-tipped cannula is passed transcervically to the 

uterine fundus, after which the plunger is pressed 
forward. The balloon partially expands, and MCA is 
expelled on the balloon's surface and is then forced into 
the tubes by the piston-like action of the advancing 
balloon. 

The FEMCEPT device being studied by Richart and 

associates (Figure3) uses a highly expandable balloon as 

a piston to drive the MCA into the fallopian tubes, and is 

capable of delivering a precisely measured volume of the 

material to the tubes without the danger of peritoneal spill 

or the need to leave large volumes of the chemical, which 

must eventually be expelled, behind in the uterus (47). 

The delivery systems used ior quinacrine inically com
a catheter was passedprised a blind system in which 

transcervically to the fundus and the quinacrine solution 

was gently introduced using a lavage technique (61). 

Some investigators usedl a closed system with a cervical 

olive, attempting to determine whether failures occurred 

because the quinacrine did not reach the fallopian tubes, 

or because it was inactive as a tube-blocking agent (27). 

Subsequent studies indicated that multiple exposures to 

quinacrine were more efficacious ilan a single acute in

sult and that chronic exposure was the most effective (59). 

On the basis of these findings, quinacrine pellets have
 

been devised that can be placed in the uterus with an IUD
 

inserter and left in place to diffuse into the fallopian tubes 

(25). Whether this aprroach will significantly increase 

the quinacrine closure rates is not yet known, but clinical 

investigation is underway. 

In the most tecently developed delivery system, the 

quinacrine is compressed onto the tips of a T-shaped or 

(28). The vector is insertedV-shaped IUD-like vector 
into the uterine cavity, and the tips, which lie in close 

proximity to the tubal ostia, theoretically enable the 

quinacrine to diffuse slowly into the tubes, thereby 

producing more complete closure. 

Another method of delivery being considered is the 

incorporation of quinacrine into slow-release polymers, 

again, to extend the diffusion time and produce a higher 

rate of closure (28). 

CLINICAL TRIALS 

The only tube-closing agents that have been tested 

clinically in a significant number of patients are silver

based compounds, ethanol-formaldehyde, quinacrine, 
Some of the more interestingand methylcyanoacrylate. 

clinical trials are described in the following sections. 

Silver-based compounds. Clinical trials, using silver 

nitrate compounded in a water-based cream, were 

patients by Richart and co-workersundertaken in 14 

(45). In these patients, the fallopian tubes were brought
into the vagina through a posterior colpotomy incision; a 

cannula was passed through the fimbriated end of the 

tube, and the silver nitrate cream was injected under 
direct vision. The tubes were then replaced in the 

abdomen and the vagina was closed. 
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The response of the patients was carefully studied. 
Although all the fallopian tubes in this series were closed, 
many of the patients experienced fever, leukocytosis, 
and significant pelvic pain ascribed to a chemical 
peritonitis. All these symptoms disappeared under 
treatment, and no long-term sequelae occurred, 

Ringrose, in a separate study, used a blind cannula 
system to deliver various concentrations of a silver 
nitrate-based compound (10%, 15%, and 20%) to the 
fallopian tubes of 260 patients (49). The closure rates 
were approximately 50% with the 10% silver nitrate 
compound, and 70% with the 15% compound; the rate 
was not stated with the 20% compound. There was 
apparently a significant degree of intraperitoneal spill 
with all three concentrations, presumably due to the 
uncontrolled blind delivery system. The clinical sequelae 
increased with greater concentrations of silver nitrate: A 
number of patients suffered severe peritonea! signs, two 
had paralytic ileus, many required hospitalization, and 
some suffered additional complications not reported in 
the original publication (26). 

In our recent attempts to incorporate the silver ion into a 

polymeric system that might be useful clinically, we found 
that even with a complicated alginate-based mixture, 
migration of the silver ion into the peritoneal cavity could 
not be prevented (22). In a recent series using baboons 
and Cebus monkeys, significant peritoneal damage and 
extensive necrosis occurred, and several animals died 
(44). It would appear that silver-based tube-closing 
compounds are potentially highly toxic, that further 
studies using these materials as a base should be 
undertaken with great care, and that thorough testing 
should be done before these compounds are used in 
clinical trials. 

E-thanol-formaldehyde. In 1972, Zipper and co-workers, 

in a series of 93 women, used 2 ml of a 2% solution of 

formaldehyde in ethanol to lavage the uterus through a 

biopsy cannula (57). They determined tubal closure by 
insufflation or hysterosalpingography. Overall, non-
patency was obtained in only 54 of the 97 women (58%), 
and the rate of closure increased steadily with serial 
injections. A number of women dropped out before 
completing the study, but those who had six instillations 
had a high rate of obstruction. The optimal number of 
treatments required to produce clinically satisfactory 
results was not shown conclusively with this study. At 
the two-year follow-up, 8.7% of the patients with supposed 
tubal closure had become pregnant (57). 

Mucilago phenol. A group of investigators from the 
People's Republic of China have reported their findings 
with an extensive study involving 3,940 women whose 
fallopian tubes were treated with pharmacologically-
active agents (43). They began their studies in 1970 with 
a phenol-based compound and modified the adminis-

tered agent through a series of trials extending through 
1977. The rate of bilateral occlusion ranged from 77.6% in 
the initial series to 93.5% in the most recent series. The 
compound was administered using a hand-held plastic 
catheter inserted through a metal tube placed at the 
uterine tubal ostium. Normal saline was injected through 
the plastic catheter, and if there was no back-flow, 1ml of 
air was injected, followed by 0.1 to 0.15 ml of mucilago 
phenol. Although the mucilago phenol was compounded 
differently in each of the separate trials, the details of the 
compounding are not given in the text, nor are the 
closure rates of the individual trials presented. The 
compound used most recently consisted of 35 ml liquid 
phenol, 5 g mucilago of tragacanth, 20 ml glycerin, and 
100 ml or less of distilled water. Tubal patency was 
determined by hydrotubation. 

The investigators also treated lactating women with the 
agent. The rate of successful location of both cornua 
was 92.8% in these women, as opposed to 82.5% in non
lactating women, but the rate of bilateral closure was 91% 
in 156 a..ating women, as opposed to 94.9% in 275 
non-lactating women. 

A number of side effects occurred following the application 
of the phenol compound. Forty percent of the women 
had mild lower abdominal pain and back pain for 2 to 3 
days and 1.2% were febrile. Thirty-five patients suffered 
acute pelvic inflammatory disease. The minor side 
effects disappeared spontaneously, the acute pelvic 
inflammatory disease was treated symptomatically, and 
all patientsrecoveredwithoutfurtherproblems. In three 
lactating women, the uterus was perforated. Ninety-six 
women underwent laparotomy after tubal occlusion for 
reasons not related to the sterilization procedure. Six 
patients developed adhesions between the tubes and the 
pelvic side wall or ovary, but five of these six patients hadsuffered acute inflammatory disease immediately after 
the operation. 

The investigators followed 2,487 women for 2 to 7 years 
after bilateral tubal occlusion was achieved using the 
hydrotubation technique. Of these women, 64 became 
pregnant (a pregnancy rate of 2.6%). In 909 women, 
hydrotubation or hysterosalpingography was performed 
2 to 7 years after a diagnosis of bilateral tubal ob
struction. Of these patients, 15 were found to have one 
or both tubes patent (a patency incidence of 1.65%). 
Menstruation was unaffected. 
The Chinese investigators also studied the relationship 

between the length of fallopian tube that was filled with 
the mucilago phenol compound and the rate of tubal 
closure, as determined by hysterosalpingogram (Figure 
4). When more than 1 cm of tube was filled, 97% of the 
tubes were occluded. In contrast, if the agent was placed 
in the cornu alone, only 16% of the tubes were occluded. 
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made to use a cervical olive to ensvre that the quinacrine 
came in contact with the fallopian tubes. The closure 

rates using quinacrine lavage varied widely from study to 

study after a single application and, with the exception of 

Davidson's small series (9), seldom exceeded 70% unless 

multiple lavages were performed. 

In the most recent studies, Zipper and his colleagues 

have compressed the quiriacrine into pellets and intro

duced a number of them, totaling 250 mg, into the uterine 

fundus using an IUD inserter. In the initial studies, this 

process was repeated three times, and a bilateral closure 

rate in excess of 95% was achieved (25). 

Laufe and associates, in addition to inserting compressed 

pellets into the uterus, have fashioned V-shaped and 
T-shaped IUD vectors that carry a compressed bolus ofFigure 4. Radio-opaque mucilago phenol in the fallopian 

tubes. When the entire length of fallopian tube is filled, quinacrine in the tips of their arms (28). These arms are 
bilateral closure rate is very high. (Photograph courtesy 

thought to deploy the quinacrine in the vicinity of the
of Dr. Y. Wu). 

tubal ostia when the IUD is inserted into the uterus, 

ensuring that the quinacrine will be diffused in the region 

At the time of the report, ten pregnancies had occurred, of the fallopian tube and produce the desired effect. 

including one ectopic pregnancy, and two women were Although only a few cases have been studied, the 

found to have patent fallopian tubes on hysterosal- preliminary results are encouraging. 

pingography. The total clinical failure rate was 0.7% after Quinacrine has been used widely to treat malaria and 

7 years. An additional five procedures failed during years neoplastic effusions. Its mechanism of action in produc

7 to 9, making a total failure rate of 1%. There was a ing tubal closure is not known, but is thought to be 

direct relationship between the length of fallopian tube related to its ability to intercalate with DNA, and to inhibit 

filled and the pregnancy rate. If a 1 to 2 cm portion of DNA, RNA, and protein synthesis. A puzzling aspect of 

tube was f6',ed, the pregnancy rate was 7.1%. If 2 to 4 cm the quinacrine studies has been the variability of the tubal 

were filled, the rate decreased to 3.3%, and when the tube lesions produced by the drug. Even in patients in whom 

was filled to the ampulla, the rate decreased to 0.1%. the quinacrine was applied directly to the fallopian tubes, 

There were no pregnancies ifthe entire fallopian tube was lesions might involve a wide area or be focal, and some 

filled (Table 2). tubes were undamaged. The drug is thought not to 

Quinacrine. Quinacrine hydrochloride has been widely produce local complications in the peritoneal cavity, but 

studied by a number of inestigators (Table 3). In has been associated with a variety of other side effects, 

most serious of which is central nervous systemZipper's initial study, the quina,;rine was administered as the 

a solution of 250 mg/2 ml, using a polyethylene catheter excitation (Table 4). The fact that the few patients treated 

with quinacrine pellets have not experienced CNS excitathat was passed transcervically and placed at the fundus 
tion suggests that the pellets may be a more satisfactory(61). In subsequent studies, the quantities of quinacrine 


and in some studies, attempts were mode of administration (25).
were increased, 

TUBES CLOSED PREGNANCYPORTION OF NO. TUBES NO. TUBES 

(%) RATE (%)TUBE FILLED TREATED CLOSED 

4 16 not given24CORNU ONLY 

23 85 not given27INTERSTITIAL PORTION 

7.1ISTHMIC PORTION (1-2 cm) 66 64 97 

3.3ISTHMIC PORTION (2-4 cm) 137 137 100 

0.1222 222 100AMPULLA 
034 34 100FIMBRIA 

Table 2. Length of tube filled by mucilago phenol, tubal occlusion(shown by HSG), and pregnancy rate (43). 
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TYPE OFSTUDY! 
REFERENCE 

NO. PATIENTS 
(TOTAL 1,719) 

QUINACRINE 
SUSPENSION DOSE 

NO. INSTIL-
LATIONS 

BILATERAL 
OCCLUSION* 

PER 
CENT 

STERILIZATION 85 250 mg/2 ml 3 60 70.5 
Zipper, 1970 (61) 

37 1g/4 ml 2 29 78.4 

PREHYSTERECTOMY 10 1g/6 ml 1 6 100.0 
Davidson, 1973 (9) 

4 25.0 

STERILIZATION 30 1g/6 ml 3 25 83.3 
Benoit, 1975 (3) 

STERILIZATION 638 130 @ 1.5 9 2 94 72.3 
Zipper, 1975 (62) 

508 @ 500 mg-3 g 343 68.4 

STERILIZATION 60 1 g/7 ml 1 23 44.2 
Israngkun, 1976 (27) 

STERILIZATION 98 1 g 3 70 71.4 
Mehtaji, 1977 (30) 

PREHYSTERECTOMY 12 1.5 g 1 or 2 5 41.6 
Bhatt, 1977 (4) 

STERILIZATION 139 250 mgt 3 § § 
Zipper, 1979 (25) 

Documented by HSG or insufflation. t Hysterectomy performed within 1 wk. 
Pellets employed; number per insertion not stated. § Status of tubes not evaluated. 

(From King TM, Blake DA, Dubin NH: Internal document prepared for International Fertility Research Program [IFRP]; used with permission of 
authors and IFRP) 

Table 3. Summary of clinical results in various quinacrine studies. 

It has been reported that Xylocaine, epinephrine,
 

cortisone, versinate, oxytocin, tetracycline, and copper DOSE/MODE OF
ADMINISTRATION COMPLICATION 
-DMINISTRATIONCOMPLICATIONpotentiate the action of quinacrine (59). Sodium pen-

tothal has been useful in solubilizing the quinacrine SUSPENSIONS CNS excitation (3 cases) 

pellets, and in some patients in the pellet series, the (1.0- 3.0g) Vagal reaction (1case) 
quinacrine has been administered with pentothal as a Abdominal/pelvic pain 

carrier (25). Giving estrogen and progesterone following Abdominal distention 
quinacrine therapy sometimes promotes recanalization, Fevnt 
but it is not clear whether this effect has been important Fever 

in human trials. Chemical vaginitisRash 

In most of the quinacrine studies, pregnancy has been Death (2 reported in personal 
used as an endpoint. To date, 69 pregnancies have been communications) 

reported, all intrauterine (Table 5). PELLETS No CNS excitation (138 women, up 

MCA. A number of investigators have studied the effects (250 mg) to 3 instillations) 

of MCA in the fallopian tubes (Table 6). MCA is an (thatrelasesaceocynic cidand (From King TN, Blake DA, Dubin NH: Internal document 
epitheliotoxic agent that releases acetocyanic acid and prepared for IFRP; used with permission of authors and IFRP) 
formaldehyde upon degradation, and produces necrosis 

of the tubal lining epithelium adjacent to the MCA. As Table 4. Complications following transcervical quin
the agent is gradually degraded over a period of 6 weeks, acrine instillations. 
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STUDY' 
REFERENCE YEAR 

PREGNANCIES 
(TOTAL 69) COMMENTS 

ZIPPER (61) 1970 7 8.6/100 woman years 

DAVIDSON (9) 1973 0 Patients either had hysterectomy or used OCs 

BENOIT (3) 1975 0 Many patients took OCs; 15 did not. No pregnancies reported, 
but duration of follow-up unclear 

ZIPPER (62) 1975 9 In2,294 woman months of follow-up 

41 In 12,383 woman months of follow-up 

ISRANGKUN (27) 1976 6 Depo-provera contraception until tubal closure proven 

MEHTAJI (30) 1977 2 In 680 woman months of follow-up 

ZIPPER (25) 1979 4 In first year of follow-up of 53.9% of patients 

(From King TM, Blake DA, Dubin NH: Internal document prepared for IFRP; used with permission of authors and IFRP) 

treatment with quinacrine.
Table 5. Pregnancies in patients with bilateral tubal occlusion following 

an inflammatory infiltrate replaces the tubal epithelium 

andit, inturn, is replaced by young fibroblasts, whichare 

gradually converted into dense scar tissue. 

MCA were initially reported by
Clinical trials with 

Stevenson and Taylor, who modified a Foley catheter for 

The size 12intrauterine instillation of the MCA (53). 


catheter was passed through the cervix and a 5 mm 


balloon was inflated to block the uterine outflow tract. 


Following this, a 1- to 5- ml portion of MCA was injected 


through the narrow-bore polyethylene tube cemented 

into the catheter, and 15 seconds later, 2 ml of sterile 

STUDYI 
REFERENCE 

STEVENSON, TAYLOR 
(53) 

STEVENSON 
(52) 

NEUWIRTH, ET AL 
(35) 

RICHART, NEUWIRTH 
(46) 

NO. 
YEAR PATIENTS 

1972 12 

1976 34 

11 

1980 131 

19 

1981 180 

19 

Table 6. Results of clinical trials with MCA. 

w,2r were injected through the catheter to polymerize 
In the initialthe r',maining MCA in the uterine cavity. 

series, 12 patients were treated prior to hysterectomy, 

and the histological events taking place following MCA 

application were documented. 

In a subsequent study, the technique was applied to 34 

ambulatory women, 66% of whom had bilaterally closed 

fallopian tubes, as shown by hysterosalpingography 8 

weeks following application (52). An additional 11 pa

tients were treated a second time with MCA, and in 10 of 

these patients, both tubes were closed. 

BILATERAL 
CLOSURE ('(, COMMENTS 

-	 Prehysterectomy application 

66 HSG at 8 weeks 

90 Reapplication of MCA 

72 Closure rates of 54",, to 78"", in 3 series with 
various volumes of MCA (0.4-0.65) 

74 Reapplication of MCA 

80 	 0.6 ml MCA; modified FEMCEPT device 

98 	 Reapplication of MCA following patency 
detected by HSG 
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The largest series of MCA-treated patients studied to 
date has been reported by a group of collaborators using 
the FEMCEPT device (35, 47). These ongoing clinical 
studies are supported by the Program for Applied 
Research on Fertility Regulation (PARFR). The 
FEMCEPT device is an instrument that utilizes a balloon-
tipped cannula to block the uterine outflow tract and to 
decrease uterine dead space. Following ejection of the 
MCA through the distal tip of the cannula, the balloon is 
further expanded and acts as a piston to force the MCA 
into the fallopian tubes. 

In a series of 131 procedures (35), various volumes of 

MCA were applied to the uterus, and the bilateral closure 

rates, as determined by hysterosalpingography, ranged 

from 54% to 78%, with an overall closure rate of 72%. In 

19 patients in whom one or both tubes were found to be 
patent and were subsequently retreated, the bilateral 
cksure rate on retreatment was 74%. 

In the latest series, using improved MCA and a slightly 
modified instrument, a bilateral closure rate of 80% was 

achieved after one application and 98% in those 19 

patients who had a second application after tubal patency 
was detected by hysterosalpingography (46). 

DISCUSSION 
Certain principles have evolved from the studies of 
pharmacologically active agents applied to the fallopian 
tubes; these principles may be applicable to the design of 
future delivery techniques and tube-closing pharmaco-
logically-active formulations. It is evident, because of the 
efficient regenerative capacity of the tubal lining epi-
thelium, that acute injuries, even when they are massive, 
routinely fail to destroy all the epithelial cells, which may 
rapidly regenerate and reconstitute tubal patency during 
the period of healing and reconstruction. Those agents 
that are most effective in producing tubal closure are 
associated with a chronic long-term effect, because of 
their slow degradation rates (for example, MCA), or are 
released over a prolonged period of time (for example, 
mucilago phenol). It is also apparent that in the absence 
of chronicity, nultiple applications are more effective 
than single applications and enhance the cumulative rate 
of tubal injury and closure (for example, quinacrine in 
solution or ethanol-formaldehyde). Most of the authors 
studying this problem at length have commented upon 
the necessity of meeting these requirements in order to 
produce a high rate of tubal closure. 

It has been documented in the mucilago phenol studies 
from the People's Republic of China, and it was apparent 
in the studies of MCA done by our group on Rhesus 
monkeys, that another major determinant of tubal closure 
rates is the length of the fallopian tube exposed to the 
pharmacologically active agent. This is consistent with 
observational data from laparoscopic electrocoagulation 
studies, in which the early attempts at closure using 

coagulation alone had a high failure rate, due to the small 
segment of tubal damage. As the length of injured 
segment was increased, tubal closure rates increased 
substantially, and it is generally thought that a 3 cm injury 
is optimal. It is apparent that the fallopian tube is more 
easily reached during the immediate postmenstrual and 
early proliferative phases of the cycle, when the endo
metrium has only begun its cyclic thickening, and it is 
probable that applications performed late in the cycle, or 
when the tubes are in spasm, will result in failure. It is 
also clear that there will be unavoidable failures in women 
with anomalous uteri or with intrauterine disease, such asutrnsnehaorubcuslimotawih 

cannot readily be detected even by a carefully taken 
y y y 

history and a pelvic examination. 

The side effects of the agents that have been used to 
close the fallopian tubes relate principally to the ease with 
which their transit through the tube to the peritoneal 

cavity can be controlled, and to their local toxicity. It is 

difficult to control strong acids and bases or strong 

oxidizing and reducing agents, regardless of the manner 
in which formulation is attempted. Even when release 
rates are slow, the action of these generally highly 
corrosive ions is so intense that their spill into the 
peritoneal cavity produces serious sequelae. Even in the 
Chinese studies, in which attempts were made to limit the 
transit of the mucilago phenol, a significant proportion of 
the patients complained of pelvic pain, many had fever, 
and some suffered from acute pelvic inflammatory 
disease. This litany is similar to that reported by 
Ringrose, and seems to be characteristic of a syndrome 
of local pelvic peritonitis due to chemical spill. The series 
of patients treated with ethanol-formalin did not show 
serious side effects, but the action of the agent was so 
mild that five or six applications were required before 
significant tubal closure resulted. 

- .. 
C 

The only two chemical agents for tubal closure that have 
been tested clinically and that appear to have minimal 
side effects are quinacrine and MCA. Both have been 
applied in a variety of settings, both produce roughly 
comparable closure rates, and both appear to be 
candidates, with modifications in the delivery system or 
the ability to monitor tubal penetration, for a clinically 
useful outpatient-based sterilization technique for women. 
The delivery'systems appear to be relatively simple and 

easy to use. The efficacy must be increased in order to 

have the greatest utility without requiring multiple 
applications, and a substantial number of women must be 

followed for a significant period of time to determine that 
there are no long-term sequelae with these systems. 

If these goals can be met, it is probable that tubal 
blockade can be accomplished using a safe, rapid, and 
relatively inexpensive outpatient procedure. 
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