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SUMMARY 

1. During toxicity studies of long-acting contraceptives, where repeated high doses have to be 
administered, cumulation causes problems, for which so far no solution has been found. A few sugges- 
tions for a practical experimental design are presented. 

2. For the pharmacological assessment of long-acting contraceptives, methods for the testing of 
short-acting preparations can be adapted. 

3. Although it is easy to prove in animals that a preparation has long-acting properties, it is 
not possible to predict how long such a preparation will act in the human. 

In this paper I shall limit myself to a discussion 
of injectable long-acting steroids, since Shearman has 
already described the various types of depot contra- 
ceptives and van der Vies, in another symposium 
at this congress, discussed the pharmacokinetic and 
pharrnacodynamic differences between these various 
release forms. In fact the same problems of testing 
which I intend to discuss also occur with these other 
dosage forms, but they are most pronounced when 
testing the injectable long-acting steroids. 

The first question I have been asked to deal with 
is: “What is it about the depot property that calls 
for special pharmacological and toxicological assess- 
ment?” The answer is simple. With-short-acting prep- 
arations the dose determines mainly the magnitude 
of the effect, and a higher dose causes only a mar- 
ginally longer duration of effect than the lower one. 
Using long-acting preparations the opposite occurs 
and although the higher dose augments the effect, 
prolongation is the most obvious result of the eleva- 
tion of the dose. 

This is shown in Fig. 1, which has not been 
obtained with a contraceptive, since the effects are 
difficult to quantify with such preparations, but 
demonstrates the same principle by comparing the 
effect of the short-acting acetylcholine and the longer- 
acting methacholine on the blood pressure of the 
rat. The figure to the left shows that a 20-fold increase 

Fig. 1. Effects on blood pressure of the rat, using a single 
low ---- and a single high - dose of the short acting 

acetylcholine and the long acting methacholine. 

in the iv. dose of acetylcholine causes a fall in blood 
pressure to about zero, but that for both doses, blood 
pressure returns to the same level after about 60s. 
The figure to the right shows the result of a 20-fold 
increase of the i.v. dose of the longer-acting metha- 
choline. At the high dose the fall in blood pressure 
is definitely less than with acetylcholine, although 
there is hardly any difference between the effects of 
the low doses. However, the duration of the effect 
has increased much more, and even at the end of 
the observation period (after 115 s) the blood pressure 
after the high dose is still lowered. This means that 
next to dose and effect a third dimension is intro- 
duced; the factor time, which has to be taken into 
account when studying animal (and human) pharma- 
cology and toxicology. 

Once this is realized, it is relatively easy to take 
into account when single administration is practiced, 
as we shall see later, when discussing the pharmacolo- 
gical evaluation of such compounds. However, it may 
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Fig. 2. Effects on blood pressure of the rat, using repeated 
low and high doses of the short acting acetylcholine ---- 

and the long acting methacholine -. 



904 G. A. OVERBEEK 

create tremendous problems when long-acting com- 
pounds have to be repeatedly administered, in par- 

ticular when high doses must be administered, as 
in all long-term toxicological studies. 

Again, a comparison of acetylcholine and metha- 
choline on the blood pressure of the rat may demon- 
strate this point. The upper part of Fig. 2 shows: 
(a) Five doses of 5pg acetylcholine, administered at 
intervals of 10s had substantially the same effects 

on blood pressure; and (b) five doses of 5 pg metha- 
choline, administered with the same time intervals, 

caused an increasingly lower blood pressure. The 
lower part of the figure shows the result of five higher 
doses of 7.5 pg, again administered with an interval 

of 10s. Here, even the later doses of acetylcholine 
caused a slightly greater lowering of the blood pres- 
sure. However, this is so much more pronounced 

with methacholine that after the fifth dose blood pres- 

sure did not return to normal and the animal died. 

This could obviously have been avoided by giving 
the doses of methacholine at 100-s instead of at 10-s 
intervals; the consequences will have to be discussed 
in respect of toxicological studies of long-acting com- 

pounds. Returning to contraceptives, I quote some 
illuminating calculations that Kolb[ l] has made with 
respect to the long-acting steroid norethisterone 
oenanthate. He showed that after five weekly i.m. 

injections in rats only 10% of the dose administered 

had been eliminated. In a toxicity study where, for 
this type of study, a not unusual weekly dose of 
100 mg/kg was administered for a period of 6 months, 
more than 1 g/kg was present in the body of the 
rat at the end of that period instead of the 100 mg/kg 
which should be present immediately after the injec- 

tion. This brings us to the concept of biological “half- 

life” (or “half-time”) of substances, which is of particu- 
lar importance for the evaluation of long-acting com- 
pounds, but which may easily be misused or inter- 
preted erroneously. 

“Half-life” is determined by elimination and indi- 
cates the time at which 50% of the dose administered 
has disappeared from the body, from the blood, from 

a depot and so on. 
The half-life in the body, provided elimination can 

be represented by an exponential curve, is indepen- 
dent of the absolute dose administered. It is a constant 
for a particular substance, dosage form and animal, 
but this does not mean that the absolute magnitude 
and the absolute duration of the effect are indepen- 
dent of the dose. On the contrary, it means that 
when comparing the duration of effect of a dose 2y 
with a dose y, it takes a “half-life” before the dose 
2y is reduced to y as a consequence of elimination 
and metabolism. Hence the former dose requires a 
“half-life” longer before the threshold level in the 
body is reached below which an effect no longer 
occurs. Thus the effect of the higher dose will be 
longer and obviously stronger than that of the lower 
one, as the example of methacholine has shown. In 
view of this, what are the consequences of cumulation, 
as described by Kolb[l] for norethisterone oenan- 

thate? This is impossible to predict, for not only 
should we know the half-life of the compound under 

the experimental conditions, but also the threshold 
level at the site of action, and not at one site only, 

but at all sites of action (endometrium, cervix, ovary, 
pituitary, etc.), and these may all be different. So 
here we face the problem to its full extent. In medical 
practice we can find out by experience how long 

a certain dose of long-acting preparation exerts the 
desired effect, and we can space the injections in order 

to avoid (or make use of) cumulation. 
But in a toxicological study we are supposed to 

administer a compound repeatedly at various dose 
levels over considerable periods of time. How then 

could the problems caused by cumulation be avoided? 
A first possibility would be a constant check of 

the plasma levels, and studying not the effect of differ- 

ent doses administered but the effect of different 
plasma levels. Quite apart from the fact that, although 
undoubtedly plasma levels are related to effective 

levels at the site of action and we do not know the 
mathematical function relating both levels, this also 
would mean a new approach to toxicity studies. The 
acceptability of this would have to be studied and 
discussed. 

A second possibility would be to study not the 
original long-acting compound, but its active short- 

acting metabolite. Sometimes there is such a metabo- 
lite, as van der Vies[Z] has shown to be the case 
with the long-acting esters of nandrolone. He proved 
that the substance acting at the sites of action is 
nandrolone and not the ester, and it could be argued 
that for such a compound a toxicity study of the 
free nandrolone, possibly completed by a study of 
the acid with which it was esterified. might yield 

more relevant information than a toxicity study of 
the ester following the classical design. But apart from 

the fact that this suggestion could only be carried 
out with hydrolysable esters and not with long-acting 

compounds which are not changed in the body (e.g. 
16-x-ethylprogesterone, a long-acting progestogen [3], 
this would mean a basic change of the principle that 
a compound should be tested in a form as similar 
as possible to its therapeutic one. A third possibility 
could be to space the intervals of the injections differ- 
ently for the different dose levels involved. The next 
injection would only be given when the effect of the 
previous one had worn off (Fig. 3). This procedure 
would have the advantage that it would nicely simu- 
late clinical practice. On the other hand it is often 
difficult to assess accurately the end of the effect. 

The latter problem is avoided when proceeding 
according to a fourth suggestion. First the half-life 
for disappearance from the body is to be determined 
for the species and the mode of administration. The 
study is started by injecting the doses to be studied 
and subsequent injections of half of these doses are 
injected after an interval equal to the previously 
determined half-life. As explained before this half-life 
will be the same for all dose levels and the amount 
present in the body will at no time exceed the amount 
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Fig. 3. Schedule of dosing avoiding cumulation (I). Effects 
after administration of doses a -~-- and 2a -_ 

present after the first injection. This principle* is 
demonstrated in Fig. 4. 

It is not surprising that Health Authorities in 
various countries have avoided giving guidelines for 
handling the toxicity studies of long-acting com- 
pounds in general and of long-acting contraceptives 
in particular (see [4] and the ensuing discussion at 
the W.H.O. meeting on “Pharmacological models to 
assess toxicity and side effects of fertility regulating 
agents”, 1973, following this lecture, p. 352). Neverthe- 
less these problems require attention and a practical 
solution should be agreed upon. Personally I should 
prefer to accept the last suggestion (intervals based 
on half-times), which seems theoretically sound and 
reasonably practicable. 

The discussion of the first question posed by the 
organizers of this symposium has taken a consider- 
able time, but fortunately most of the remaining ques- 
tions can now be dealt with relatively briefly. 

The period of proposed depot activity in the human 
will obviously be related to the duration of action 
in the animal, but the intended spacing of the doses 
in the human bear no direct relation to that in the 
experimental animals (see below). This means that 
before starting a long-term study in animals, either 
the duration of action of each dose that will be in- 
jected into the animal to be used, or the half-life 
of disappearance from the body, should be deter- 
mined. 

Special toxicity requirements for depot formula- 
tions do not seem to be necessary, although special 
schedules for dosing should be envisaged. There are 
no reasons for using more or less animals per dose 
group than used for the study of short-acting com- 
pounds. With regard to animal species it should be 

* Obviously the same principle could be adapted for 
use in humans, although it may be an advantage to base 
the interval of the injections not on 50x, but perhaps 
on SOaL disappearance, This would depend on the amount 
that should still be present to allow full contraceptive 
efficacy. 

log % present 

I” bodv 

Fig. 4. Schedule of dosing avoiding cumulation (II). __ 
Amount of a drug present in the body after administration 
of a starting dose a, followed by doses &I with intervals 

of T,,,. 

realized that the duration of action may be different 
in various species and that this should be studied 
before starting a long-term study. With some long-act- 
ing compounds like esters and ethers, which are trans- 
formed in the body into an active short-acting com- 
pound, useful information may be obtained by study- 
ing the rate of hydrolysis in vitro after incubation 
with plasma or liver mash from that particular species 
and comparing the result with those from similar 
studies with human material. 

Dose range and duration of study should be related 
to human use, as with short-acting compounds, again 
with the provision that the schedule of dosing pre- 
vents excessive cumulation. Obviously this is of par- 
ticular importance when performing long-lasting car- 
cinogenic and tumourigenic studies. When properly 
performed such studies are just as relevant or irrele- 
vant as similar studies with short-acting compounds. 
With regard to the demonstration of reversibility of 
the anti-fertility effect the usual design (Fig. 5) can 
be followed [5] although the withdrawal period may 
have to be prolonged. In most cases single 
administration will suffice, but if desirable multiple 
application when correctly spaced can be applied. 
For teratogenicity studies in rats and rabbits a single 
injection will usually suffice. When a long-acting pro- 
gestational compound is studied spontaneous delivery 
may not occur, and either caesarian section will have 
to be performed or the mother will have to be sacri- 
ficed. When the compound is oestrogenic pregnancy 
will be interrupted, as with short-acting oestrogenic 
compounds, making the teratogenic study impossible 
unless either extremely low doses are used or an ani- 
mal species is found which is less sensitive to oes- 
trogens. The hamster may be a suitable animal [6] 
but unfortunately very little is known about the inci- 
dence of spontaneous malformations and of the type 
of malformations in this species. Again the relevance 
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Fig. 5. Schedule of a fertility experiment in sexually mature female rats. To determine whether the 
effect of a contraceptive compound-when administered for 6 weeks to non-pregnant sexually mature 
rats-is reversible and has an effect on mating behaviour (“precoital time”) and on the fertility of 

the offspring. 

of these studies with respect to prediction of malfor- 
mations in the human is not different from that of 
teratogenic studies in other animals. 

The final item for discussion is the pharmacological 
assessment. Here all usual tests can be applied, substi- 
tuting a single dose for the daily administration. In 
order to test for progestational effect the following 

tests are used in our department of endocrinology: 

1. The Clauberg-Junkmann test for the effect on 
the endometrium in rabbits as described by Junk- 

mann[7]. 
2. The deciduoma test in mice, giving a single injec- 

tion one day before making the endometrial lesion 

and performing autopsy on the desired day (Mad- 

jerek[S]). 
3. Maintenance of pregnancy in the rat spayed on 

day 11 of pregnancy and injected on day 9. When 
the activity has not yet worn off on the 21st day, 
spontaneous delivery will not occur, making caesarian 

section necessary. 
4. Suppression of oestrous cycle in the normal rat. 

In all four tests one injection should substitute for 
the repeated oral or parenteral treatment with a 
short-acting preparation. 

When the compound to be tested has oestrogenic 
activity one single injection is given to spayed female 
rats and the vagina1 smears are inspected daily 
(adapted Allen-Doisy test). This test can also be used 
to study progestational or anti-oestrogenic effects, 
provided the animals are constantly treated with an 
oestrogenic preparation. 

In the same way tests for inhibition of ovulation, 
effect on ovum transport, and sperm transport can 
be adapted (de Visser[9]). 

Clearly. it is not difficult to prove by means of 
animal tests that a compound is long-acting. How- 

ever, such tests hardly allow a prediction about the 
duration of action in man, since this depends on 
the dose administered and on a number of factors 
which can and do differ in animals and man. Among 
the latter, pharmacokinetic factors are important, 
such as the rates of absorption and metabolism. 

As shown by Overbeek et al.[lO], the slower the 
rates of absorption and hydrolysis the longer steroid 
esters act. 

Hence when in one species these rates are lower 
than in the other, the same compound will act longer 
in the former than in the latter species. Sometimes 
these rates may become so low that no effect at all 
can be detected, as is shown by the following example. 
An ester of nandrolone was shown to have long- 
acting anabolic activity in the rat, but proved to be 
inactive in the human. This could be explained by 
the fact that the rat easily hydrolyzed the ester, 
whereas in the human the hydrolysis was too slow 
to reach levels of nandrolone required for activity. 
This example also shows that the use of reference 
preparations in the animal studies is of limited help 
in predicting the duration of activity in the human. 

Pharmacokinetic studies cannot solve this problem, 
since they suffer from the limitations just mentioned. 
An additional problem is that radioactive long-acting 
substances cannot be used in humans because of the 
hazards of the long-term presence of concentrated 
radioactive material at the site of injection. When 
the dose administered remains within an acceptable 
radioactive level this would require urine or blood 
to be considerably concentrated before measurements 
would be possible. 

Hence the animal studies do not allow more than 
a rather wild guess as to the duration of action in 
the human, and clinical pharmacology has to provide 
the answer. 



Pharmacology of injectable contraceptives 907 

Acknowledgements-The author wishes to thank J. van der 
Vies and J. de Visser for providing him with data and 
advice in preparing this paper. 

REFERENCES 

1. Kolb K. H.: In Methodik du Strroidto.uiko/ogie, 
(Edited by G. Thieme) SpringerrVerlag, Stuttgart 
(1970) pp. 5560. 

2. Vies J, van der: Acta endocr., Copenh. 49 (1965) 271- 
282. 

3. Madjerek 2. S.: Abstr. 9”’ Fed. Meeting, Nijmegen, 
The Netherlands (1968) p. 164. 

4. Neumann F., von Berswordt-Wallrabe R., Elger W., 
Graf K-J., Hasan S. H., Mehring M., Nichino Y. and 

Steinbeck H.: Acta endocr., Cope&. suppl. 185 (1974) 
31.5350. 

5. Overbeek G. A., Hornstra H. W., van Julsingha E. 
B.. Mumford J. P. and Zayed I.: Acta endocr., Copenh. 
sunol. 185 (1974) 387-403. 

6. Deckers 6. H. and Vies J. van der: Abstr. 91h Fed. 
Meeting, Nijmegen. The Netherlands (1968) p. 86. 

7. Junkmann K.: Naunyn Schmiedeberg’s Archs. esp. 
Path. Pharmak. 223 (1954) 244-253. 

8. Madjerek Z. S.: Acta rndocr., Copenh. suppl. 51 (1960) 
901L902. 

9. Visser J. de.: Archs. int. Pharmacodyn. 182 (1969) 407- 
408. 

10. Overbeek G. A., Vies J. van der and Visser J. de.: 
Protein Metabolism. Springer Verlag, Heidelberg (1969) 
pp. 18.5195. 


