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Abstract. Nandrolone decanoate (Deca-Durabolin®)
was injected intramuscularly into healthy volunteers.
One group of females received one injection of 100 mg
and three groups of males received one injection of 200
mg, two repeat injections of 100 mg or four repeat
injections of 50 mg respectively. The serum levels of
nandrolone (19-nortestosterone) were determined by
radioimmunoassay and used to estimate pharmacokinetic
parameters. The following pharmacokinetic parameters
were found:

— a mean half-life of 6 days for the release of the ester
from the muscular injection depot into the general
circulation;

— a mean half-life of 4.3 h for the combined processes of
hydrolysis of nandrolone decanoate and of distribution
and elimination of nandrolone;

— a mean nandrolone serum clearance of 1.55 1 - h™t -
kgL

The half-life of hydrolysis of nandrolone decanoate in
serum was of the order of one hour or less.

The data are consistent with linear kinetics.

Deca-Durabolin®, the decanoate ester of nandrol-
one (19-nortestosterone) has been used since 1962.
In conditions where a sustained protein-anabolic
effect is necessary relatively low dosages are
required: 25-50 mg intramuscularly per 2-3
weeks. In patients with anaemias of various origin,
doses up to 200 mg weekly are required. Thus far,
no pharmacokinetic parameters for nandrolone
decanoate in man have been reported. The aim of
the present study was to estimate pharmacokinetic
parameters of nandrolone following intramuscular
administration of different doses of nandrolone
decanoate to healthy male and female volunteers.
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The clinical part of the study was performed in
the ‘Prinsengracht Ziekenhuis’ (Vereniging voor
Ziekenverpleging), Prinsengracht 769, Amster-
dam, The Netherlands, by Dr. R. G. A. van Wayjen
and Dr. A. van den Ende; the clinical aspects will be
reported separately.

Methods

Volunteers (Table 1)

Twelve healthy male and four healthy female
volunteers, 20—32 years old, participated in the
study. They were divided in three groups of four
men and one group of four women. In order to
reduce the risk of unwanted androgenic effects in
the female volunteers, their dosing was limited to
one injection of 100 mg. No other drug, hormonal
contraception or selfmedication was permitted for
two months before and during the study.

Written informed consent was obtained from all
volunteers.

Design of experiment

Volunteers in the female group (Group I) and in
one male group (Group II) were injected with a
single dose of nandrolone decanoate, 100 and 200
mg respectively at the first day. Before the injection
of nandrolone decanoate was given, the first blood
sample was taken at 8.00 a.m. On this day another

seven samples were taken at the following times:
09.00, 10.00, 12.00, 14.00, 16.00, 18.00 and 20.00,
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Table 1.
Individual data on volunteers.

Group Volunteer Age Height | Weight
number number (year) (cm) (kg)
1 1 21 165 53.5
(females) 2 21 154 50

4 26 169 57

8 29 160 57

11 5 20 179 74

(males) 6 25 185 70

7 29 184 77

9 22 178 68

111 10 21 189 64

(males) 11 27 185 76

12 32 187 73

13 23 182 74

v 14 31 179 71

(males) 15 29 183 73
16 24 185 72.5

17 21 191 71

respectively. Thereafter the blood sampling was
restricted to a sampling at 08.00 a.m. on the
following days: 2, 4, 6, 8, 10, 12, 14 and 16.
Volunteers in Group 111 (male) received injections
of 100 mg on day 1 and day 5, respectively. In this
group blood was sampled on the first 10 days at
08.00 a.m., starting on day 1. On the days on which
nandrolone decanoate was injected (1 and 5), a
blood sample was taken before the injection.
Volunteers in Group IV (male) received injections
of 50 mg on day 1, day 3, day 5 and day 7,
respectively. In this group blood was sampled on
the first 9 days at 08.00 a.m., starting on day 1. On
the days on which nandrolone decanoate was
injected (1, 3, 5 and 7), a blood sample was taken
before the injection. The nandrolone levels in the
serum were measured by radioimmunoassay. The
nandrolone levels were subsequently used to cal-
culate the pharmacokinetic parameters.

Admanastration

Nandrolone decanoate was administered by deep
injection into the musculus quadriceps femoris.
The injections were given at 08.00 h after blood
sampling.
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Pharmaceutical formulation

The doses of 100 and 200 mg nandrolone deca-
noate were administered as Deca-Durabolin® ‘100’
(100 mg nandrolone decanoate per ml, dissolved in
arachis oil), while the dose of 50 mg was admini-
stered as Deca-Durabolin® (50 mg nandrolone de-
canoate per ml, dissolved in arachis oil).

Handling of the samples

Blood samples for serum production were taken
from an antecubital vein according to the above
mentioned schedule (see: Design of experiment).
For the production of serum samples, blood was
left for at least one h at 4°C and then centrifuged.
Serum samples were stored at —20°C. The samples
were randomized and blindly determined.

Analysis

Nandrolone levels in serum were determined by
radioimmunoassay (Bosch 1983), at the Biochemi-
cal Research and Development Laboratories,
Organon Scientific Development Group, Oss, The
Netherlands. chromato-
graphy the samples were assayed undiluted or after
Lin 10 or 1 in 100 dilution. All determinations
were performed in triplicate.

After extraction and
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Fig. 1.
Nandrolone levels in serum after intramuscular injection
of 100 mg of nandrolone decanoate. Group I, Volunteer
2 (female).



Results and Discussion

Nandrolone serum levels

The results of the determinations of nandrolone
levels in the serum samples are shown in Table 2
and Table 3. For Groups I and II, representing the
single-dose administrations, the peak times and
peak levels of nandrolone in serum are given in
Table 4.

Choice of a pharmacokinetic model

Van der Vies (1965) reported that nandrolone
decanoate, when injected into the musculus gas-
trocnemius of the rat in vivo, is absorbed un-
changed from the injection depot in the muscle
into the general circulation, with a half-life of the
order of 130 h. It was also reported (Van der Vies
1970) that nandrolone esters are rapidly hydro-
lyzed in rat plasma in vitro, exhibiting a half-life
which becomes smaller as the concentration of
nandrolone ester decreases. For example, for
nandrolone phenylpropionate this author reported
a half-life of hydrolysis of 88 min at a concentration
of 1000 pg - ml-, 24 min at 100 ug - mi-%, 15 min at

20 pg - ml* and 4 min at 1 pug - ml-% Although no
data on nandrolone decanoate were reported, it
was found that various other anabolic steroid esters
in rat plasma also showed hydrolysis in vitro; under
the conditions of these studies (16 h at 37°C) all
steroid esters hydrolyzed to some extent (5—99%).
Given the serum levels of nandrolone in the
present study, which are all lower than 0.01
ug - ml-% it is valid to assume that the hydrolysis
rate of nandrolone decanoate in human blood is
relatively fast; presumably the half-life of this pro-
cess is of the order of one h or less.

There is very little information in the literature
about the fate of nandrolone in man. Raynaud
(1970) reported a central volume of distribution of
36 litres of plasma and a metabolic clearance rate of
80 litres of plasma per hour. From the rate con-
stants in the two-compartment body model used by
this author, we derived a half-life of distribution of
10 min, a half-life of elimination of 1.2 h and a total
(steady-state) volume of distribution of 82 litres,
obtained from mean intersubject data of four
healthy male volunteers.

The nandrolone levels in serum obtained in the

Table 2.
Nandrolone levels (ng - ml-?) in serum before and after intramuscular injection of nandrolone
decanoate. The first blood sample was taken before drug administration.

Group I (females) 1 injection of Group II (males) 1 injection of
Time 100 mg nandrolone decanoate 200 mg nandrolone decanoate
Day of .
blood Patient No.
sampling
1 2 4 8 5 6 7 9
1 08.00 <0.06 <006 <006 <0.06 <0.06 <0.06 <006 <0.06
09.00 1.1 1.4 0.6 0.4 1.1 0.8 0.3 0.2
10.00 2.2 2.7 1.3 1.1 1.9 0.7 0.2 0.4
12.00 2.9 3.9 1.8 1.0 2.5 1.0 0.9 0.7
14.00 2.5 4.6 14 2.8 4.2 1.3 1.3 0.8
16.00 3.3 44 3.8 3.4 4.0 1.6 2.0 1.2
18.00 4.0 4.7 2.5 2.6 3.2 6.5 1.7 1.2
20.00 6.0 49 2.5 3.2 3.7 5.7 1.7 2.2
2 08.00 3.6 3.2 2.3 3.3 3.8 6.3 1.2 1.5
4 08.00 2.8 2.1 2.3 2.5 3.5 3.3 0.7 L3
6 08.00 2.3 3.0 2.0 2.6 3.3 3.6 2.1 0.6
8 08.00 24 1.7 0.3 2.5 2.3 3.1 1.1 2.5
10 08.00 2.3 1.6 0.3 1.4 2.0 2.7 0.6 1.9
12 08.00 1.3 1.3 0.5 1.3 1.2 1.4 2.5 1.5
14 08.00 0.9 0.9 0.3 0.8 0.9 1.1 2.0 1.0
16 08.00 0.8 0.7 0.2 0.3 0.6 0.7 1.6 1.0
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Table 3.
Nandrolone levels (ng - ml'!) in serum before and after intramuscular injection of nandrolone
decanoate. The first blood sample was taken before drug administration.

Group III (males) 2 injections of Group IV (males) 4 injections of
100 mg nandrolone decanoate 50 mg nandrolone decanoate
Time onday 1l and 5 onday 1,3,5and 7
of
Day blood Patient No.
sampling
10 11 12 13 14 15 16 17
1 08.00 <0.06 <0.06 <0.06 <0.06 <0.06 <0.06 <0.06 <0.06
2 08.00 2.4 6.0 3.8 5.1 1.2 1.6 1.0 1.6
3 08.00 2.6 5.2 2.1 5.3 1.2 1.3 0.8 0.9
4 08.00 2.7 5.2 1.6 4.6 1.7 2.5 1.5 2.1
5 08.00 2.7 2.8 2.0 34 2.4 2.1 1.9 1.9
6 08.00 3.7 9.6 2.6 6.3 2.3 3.1 2.1 2.9
7 08.00 4.2 8.6 2.2 5.3 2.2 2.9 2.2 2.2
8 08.00 2.6 2.8 2.4 3.2 2.5 3.4 2.4 3.4
9 08.00 1.7 2.6 1.6 6.4 3.4 1.0 2.1 2.2
10 08.00 2.2 2.5 1.8 5.4

present study show a relatively rapidly ascending
phase with an apparent half-life of the order of a
few hours, and a relatively slowly descending phase
with a half-life of the order of a few days to
approximately one week. Based on these nan-

Table 4.
Peak times and peak levels of nandrolone in serum after
intramuscular administration of nandrolone decanoate.
Data taken from Table 2 for single-dose groups (I and

II).
tmax Cmax
Group | Volunteer (h) (ng/mi)

I 1 12 6.0
2 12 49
4 8 38
8 8 3.4

10 4.5
II 5 6 4.2
6 10 6.5
7 8 2.0
9 12 2.2

9 3.7

22

drolone levels and the references mentioned
above, we propose the following model: nandrol-
one decanoate is slowly released from its muscular
depot following a first-order process with a half-life
of up to approximately one week. As long as the
ester is in the muscular depot, it as assumed not to
be hydrolyzed; as soon as the ester enters into the
general circulation it is rapidly hydrolyzed with a
half-life of the order of one hour or less. The time
course of the resulting nandrolone exhibits two-
compartmental disposition kinetics with half-lives
of distribution and elimination of 10 min and
approximately one hour respectively. Since, how-
ever, the process of drug release from the injection
depot to the general circulation is the slowest
process of all, it will be rate-limiting in the overall
result: in the time course of nandrolone serum
levels the descending phase will characterize the
process of ‘prodrug’ (the decanoate) release from
the injection depot and the ascending phase will
characterize the combined processes of hydrolysis
of the ester and of distribution and elimination of
nandrolone.

A ‘full model’ to adequately describe these pro-
cesses is given in the Appendix. It is shown in the
Appendix that the simple one-compartmental
open body model provides a very good approxima-
tion of the theoretically more correct full model. It
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Nandrolone levels in serum after intramuscular injection
of 200 mg of nandrolone decanoate. Group 11, Volun-
teer 6 (male).

is also shown in the Appendix by computerized
simulation (Fig. 3) that in order to obtain a nan-
drolone peak level in serum at 9 to 10 h following
intramuscular administration of the ester (see
Table 4), the hydrolysis half-life must be taken as
approximately one hour. For shorter peak times of
nandrolone, this hydrolysis half-life may be taken
to be considerably smaller.

Estimation of pharmacokinetic parameters

The data were fitted to equation 8 of the Appen-
dix, using a Random Search non-linear least
squares program (Wijnand & Timmer 1979). Some
series of the single-dose groups (I and II) could not
be used for meaningful parameter estimation; due
to large variability in the data computerized para-
meter estimation resulted in very large coefficients
of variation of strongly intercorrelated parameter
estimates. Of the two single-dose groups, the fol-
lowing series could not be used : Group I, volunteer
4; Group 11, volunteer 7 and 9. It should be noted
that the peak times and peak levels of nandrolone
could be taken directly from the empirical data
(Table 4).

An important point in parameter estimation is
data weighting. Theoretically, given an assay which

exhibits relatively constant coefficients of variation
over the whole concentration range of interest, the
data should be weighted proportionally to their
reciprocal squares, or even better, proportionally
to the reciprocal square of the fitted value. This
resulted, however, in ‘best-fitted’ curves which in
some cases were unacceptably low. Based on com-
parison of the residuals obtained using various
weighting factors, it was found that the data should
be equally weighted in order to obtain the smallest
sum of residual squares and the absence of syste-
matic patterns in the residual plots.

The parameter estimates obtained by using the
curve-fitting program are given in Table 5. For
convenience, the rate constants are not designated
ks and ke, but kase and kgesc (for the ascending and
descending part of the curves respectively), since
the numerical values of the model parameters
present a typical ‘flip-flop’ case, in which the
smaller rate constant (being associated with the
longer half-life) is rate-limiting. As pointed out in
the Appendix, this implies that the ascending part
of the curves represents the combined processes of
ester hydrolysis, nandrolone distribution and nan-
drolone elimination, and that the descending part
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Nandrolone levels in serum after intramuscular injection

of 2 x 100 mg of nandrolone decanoate, with fixed

half-life of 6 days for descending phase. Group III,
Volunteer 10 (male).
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of the curves represents the process of ester release
from the muscular depot.

For estimating the parameters of the volunteers
of Group I1I and 1V a linear summation algorithm
was used. No valid parameter estimates could be
obtained due to the fact that the data spacing in
time chosen for this first study cannot provide
sufficient information for estimating the rate con-
stants kasc and Kdesc correctly. There are almost no
sampling points available on the ascending part of
the curves, and this does not allow one to estimate
kasc precisely. Moreover, serum levels of nan-
drolone in these groups are relatively constant as a
consequence of the repeated dosing of nandrolone
decanoate, which does not allow one ot estimate
Kdesc from the descending curve either. There is,
however, no reason to suppose that the rate con-
stants for Groups 11I and IV differ systematically
from those in groups I and I1. We have therefore

taken the mean value for kiesc of 0.00484 h-!
(corresponding to a half-life of 143 h) of volunteers
1, 2, 8, 5 and 6 of Groups I and II, as fixed value in
estimating the parameters kasc and Z (see equation
10 of the Appendix) for the volunteers of Groups
II1 and IV. The results, which are included in
Table 5, show a satisfying homogeneity for the
numerical values of ki, over the four groups,
despite the fact that the empirical information
about the ascending phase is poor. It should be
noted that these results represent single-dose para-
meters, due to using the summation algorithm for
Groups Il and IV.

All derived parameters such as half-lives for the
descending phase and the (composite) ascending
phase, areas under the curve and serum clearances,
are shown in Table 6. The most relevant parameter
for further consideration is the serum clearance.
When subjected to a one-way analysis of variance,

Table 5.
Parameter estimates of nandrolone after i.m. administration of nandrolone decanoate. Groups 111 and
1V were obtained using a fixed value of 0.004837 h™! for kgesc, being the mean of groups I and I1.

Used function: C;=Z- { e

-Kdesct  -Kasct
-e }

Dose of
VA
Group | Volunteer | nandrolone hase Kdese _
decanoate (h™H (b1 (ng-ml?)

I 1 1 x 100 mg 0.2453 0.004156 4.6
(females) 2 1 x100mg  0.4634 0.005417 4.6
8 1 X 100 mg 0.1637 0.004363 3.9

0.2908 0.004645 4.4
11 5 1 X 200 mg 0.2981 0.004132 4.3
(males) 6 1 X 200 mg 0.0906 0.006119 7.5

0.1898 0.005123 5.9
111 10 2x100mg  0.1272 0.004837  (fixed) 2.8
(males) 11 2 X 100 mg 0.3170 0.004837 5.2
12 2 X 100 mg 0.3233 0.004837 2.2
13 2 X 100 mg 0.2000 0.004837 4.9

0.2419 0.004837 3.8
v 14 4 X 50 mg 0.0513 0.004837  (fixed) 1.3
(males) 15 4 X 50 mg 0.3116 0.004837 1.2
16 4 X 50 mg 0.3867 0.004837 L.0
17 4 X 50 mg 0.3711 0.004837 1.2

0.2802 0.004837 1.2
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Table 6.
Derived parameters using numerical values of primary parameters specified in Table 5.

Dose of Plasma clearance
Group Volunteer | androlone | Ty (asc) | Ty (des) AUC for single dose
decanoate (h) (d) (ng-h-I'Y)
(mg) (1-hY) (1-h-1-kgY)

I 1 1 x 100 2.8 6.9 1081 59.2 1.10
(females) 2 1 x 100 1.5 53 846 75.7 1.51
8 1 x 100 4.2 6.6 871 73.5 1.29

2.9 6.3 933 69.5 1.30
11 5 1 x 200 2.4 7.0 1034 123.8 1.67
(males) 6 1 x 200 7.7 4.7 1146 111.7 1.60

5.0 5.9 1090 117.7 1.63
1H 10 2 x 100 5.4 6.0* 549 116.6 1.82
(males) 11 2 % 100 2.2 6.0 1059 60.4 0.80
12 2 x 100 2.1 6.0 440 145.5 1.99
13 2 % 100 3.5 6.0 440 64.8 0.88

3.3 6.0 759 96.8 1.37
v 14 4 X 50 13.5 6.0* 252 126.9 1.79
(males) 15 4 X 50 2.2 6.0 251 127.5 1.75
16 4 X 50 1.8 6.0 204 156.9 2.16
17 4 X 50 1.9 6.0 252 127.0 1.79

4.8 6.0 238 134.6 1.87

* Fixed value. Overall mean clear. (£ sp) 1.55 = 0.41.

the difference between groups is significant at the
5% level (P = 0.048). Upon inspection of the indi-
vidual clearances and their group means, it is
tempting to postulate that this significance is
caused by a systemically lower value of Group I
towards Group 1I, III and IV, suggesting syste-
matic differences between the male and the female
volunteers with respect to serum clearance. When,
however, the clearances are corrected for body
weight, the results of which are included in
Table 6, no significant differences can be demon-
strated in a one-way analysis of variance (P = 0.25).
It is therefore extremely likely that the differences
in serum clearance between groups are caused by
differences in body weight only. The overall mean
serum clearance ( sD)is 1.55 £ 0.411- h-'-kg%
It should be noted that the available data do not
allow one to distinguish between the extent of

absorption, F, and the volume of distribution, V, in
the expression for the parameter Z (equation 10 of
the Appendix), since no intravenous studies in the
same volunteers were performed. The serum
clearance found by us and the clearance reported
by Raynaud (1970), however, are very similar. For
an assumed mean body weight of 67 kg for
Raynaud’s young male volunteers, the mean
clearance of 80 1-h-! would correspond to 1.19
I-h-1-kg-1. A point estimate of nandrolone bio-
availability from nandrolone decanoate, by com-
bining the results of Raynaud’s study and the
present study, is therefore 100-1.19/1.55 = 77%.
It is indicated in the Appendix how individual
estimates of nandrolone biovailability from nan-
drolone decanoate can be obtained in future
studies.

The mean half-life for the descending phase in
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Nandrolone levels in serum after intramuscular injection

of 4 X 50 mg of nandrolone decanoate, with fixed

half-life of 6 days for descending phase. Group IV,
Volunteer 16 (male).

Groups I and II (subjects 1, 2, 8, 5 and 6) is 6 days,
representing the process of drug release from the
muscular depot into the general circulation. The
mean haif-life for the ascending part of the curve,
calculated from the individual values given in
Table 6, excluding volunteer 14, is 4.3 h. This
represents the combined processes of hydrolysis of
nandrolone decanoate and of distribution and eli-
mination of nandrolone.

Typical examples of the individual serum levels
of nandrolone as well as the best-fitted curve based
on the parameters of Table5 are given in
Figs. 1-4. The curves show that after single dose
administration peak serum levels are obtained
within the first day after intramuscular administra-
tion of nandrolone decanoate. The large variability
in the data and the practical difficulties to estimate
the rate constants of the curves for Groups III and
IV, are clearly illustrated. Nevertheless it has been
possible to establish a valid model which adequately
describes the available data.

The absence of significant differences in serum
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clearance between the four groups of volunteers
{(when corrected for body weight) indicates linear
pharmacokinetics for the dose range studied.
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Appendix

The model considerations in the text lead to the
distinction between a ‘full model’, in which the
processes of release and hydrolysis of the ester and
disposition of the resulting nandrolone can be
distinguished, and a restricted ‘flip-flop’ model.
This can schematically be represented as follows:



Dose of Dose of
nandrolone nandrolone
decanoate decanoate
Muscle k12 Plasma Mu{)de
Comp. 1 Comp. 2
——————————————————————— k- ——————————————— ] k, ——
y \
k
Peripheral | S Central comp.
comp. (incl. plasma) | < nandrolone — A
Comp. 4 - Comp. 3
P ks P
k30 ke= k12
Full model Restricted model

In the full model, ki, represents the first-order
process of release of the ester into the general
circulation, k3 represents the first-order process of
hydrolysis into nandrolone, and kss, ksz and kso
represent the first-order processes of distribution
and elimination of nandrolone. The differential
equations describing the changes in drug masses Q;
in each compartment (withi = 1, 2, 3 and 4), given
the first-order rate constants kij between compart-
ments i and j, are as follows:

dQl/d[ = —kuQ1

sz/dt = k]_zQ1 — k23Q2

dQs/dt = k23Q» + kasQa— (kso + ksa)Qs
dQ4/dt = k34Q3 — ka3Qa

(I
(2)
(3)
4)

The general solution for such a set of equations
is known in the form of Laplace transforms
(Wagner 1975). Back transformation by Heaviside
expansion into the time domain yields the follow-
ing equation for the concentration of drug in
compartment No. 3, which is the reference com-
partment when sampling plasma or serum for
nandrolone levels:

- B0 _ Dhaks
{ kas—ki2 _e‘klzl +
(k23 —k12) (@—kiz) (B—k12)

kaz—kas . e—kzst +

(k12—ka3) (@—ka3) (B—kz3)
kyz—a . e—o.[ +

(kiz—a) (kaz—a) (B—a)
k43-B . C—Bt } (5)

(k12—B) (k2s—B) (@ —P)

in which V; represents the central volume of distri-
bution in the disposition model of nandrolone, D
represents the equimolar dose of nandrolone from
nandrolone decanoate, and o and P are the rate
constants for distribution and elimination respec-
tively in the dispostition model of nandrolone:
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o = Va{kss + kas + k3o+

\/(k34 + kas + k3o)? — 4kaskso} 6)
B = Ye{kss + kaz + kso+
\/(k34 + kas + k3o)? ~ 4kaskso} )

The plasma (or serum) levels of nandrolone can be
simulated by inserting the following numerical
values into equations 5, 6 and 7:
kiz = 0.00484 h-! (corresponding to a half-life of
approximately 6 days);
kaz = 41.6 h-1, 8.32 h-1, 1.386 h-%, 0.693 h-%, 0.462
h-! and 0.347 h-! (corresponding to hypotherical
hydrolysis half-lives of 1 min, 5 min, 30 min, 1 h,
1.5 h and 2 h respectively);
kss = 1.4 h!
k43 = 11 h'l
l(3o = 22 h'1
Another was of handling models of this type is by
numerically integrating the set of differential
equations 1—4. Since, however, the numerical

mean nandrolone rate constants
reported by Raynaud (1970)

ng nandrolone per mi serum
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hours
Fig. 1.
Influence of rate of hydrolysis on serum levels of nan-
drolone, from intramuscular dose of 100 mg of nandro-
lone decanoate, and approximatoin of full model by
restricted ‘flip-flop” model. Full model (—1—)
% (hydrol) = 1 min. Full model (——2——) ty, (hydrol) = 5
min. Full model (—3—) ty; (hydro) = 30 min. Restricted
model (——4——) iy abs) = 1 h.
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hours
Fig. 2.
Influence of rate of hydrolysis on serum levels of nan-
drolone, from intramuscular dose of 100 mg of nandro-
lone decanoate, and approximation of full model by
restricted ‘flip-flop” model. Full model (—1—) ty, (hydrol)
= 1 min. Full model (—-2—-) ty, (hydrol) = 5 min. Full
model (—3—) ty, (nydrol) = 30 min. Restricted model
(——4--) U (abs) = Ih.

values of the rate constants differ by several orders
of magnitude, this set of equations represents a
‘stiff system’. Such a system can be solved by using a
special algorithm, the variable-step variable-order
backward differentiation formula method (Byrne
& Hindmarsh 1974).

The two methods resulted in identical curves
representing the time course of nandrolone levels
in serum. In the simulations, the intramuscular
dose of nandrolone decanoate was taken as 100
mg, corresponding to 64 mg of nandrolone. The
results are shown in Figs. 1 and 2 for hypothetical
hydrolysis half-lives of 1 min, 5 min and 30 min,
and in Figs. 3 and 4 for hypothetical hydrolysis
half-lives of 1 min, 30 min, 1 h, 1.5 h and 2 h. The
descending part of all curves has the same slope
and is essentially log-linear for times longer than
12 h; this log-linear phase has a half-life of appro-
ximately 6 days, corresponding to k12 = 0.00484
h! in the model. The ascending part of the curves



is slightly S-shaped with a point of inflection within
the first hour after drug administration, for hydro-
lysis half-lives up to 1.5 h; this point occurs at
earlier times as the hydrolysis half-life is smaller.

It is also shown in Fig. 1 that the time course of
nandrolone levels from the full model can be very
well approximated by those from the restricted
‘flip-flop’ model. In the latter model, the rate
constant of elimination is taken as 0.00484 h-1; the
rate constant of absorption is (in this example)
0.693 h-, corresponding to a half-life of 1 h. The
distribution volume is to be taken much larger
(approx. 16 600 litres) due to the ‘flip-flop’ nature
of reversed input and output rate constants. Simi-
larly, the simulated curves from the full model can
be equally well approximated by the restricted
model, using other numerial values; in order not to
complicate Fig. 3 too much, the curves from the

ng nandrolone per ml serum :r
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Fig. 3.

Influence of half-life of ester hydrolysis on serum levels
of nandrolone from intramuscular dose of 100 mg of
nandrolone decanoate, by simulation using full model.

Curve ty, hydrol % max
1 1 min 7.2h
2 0.5h 8.1h
3 1.0h 9.8h
4 1.5h 11.9h
5 2.0h 14.2h
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Fig. 4.
Influence of half-life of ester hydrolysis on serum levels
of nandrolone drom intramuscular dose of 100 mg of
nandrolone decanoate, by simulation using full model.

restricted model are not shown. Mathematically,
the well-known Bateman function (Dost 1968) des-
cribes the restricted model:

F-D ka

Vo Tk ke
in which F represents the fraction of drug absorbed
(the extent of absorption), D represents the dose, V
represents the volume of distribution, and ka and ke
represent first-order rate constants for absorption
and elimination respectively.

—ket =kt
{e -e } (8

C(t) =

The half-lives of absorption and elimanation are
obtained as:

In2 0.69315...
s (abs) = S " 9
a a
and
. 0.69315... ©
Yo (elim) =
4 (elim) ke

The area under the plasma or serum level vs time
curve is obtained by integration of C(t), resulting
in:
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(10)

The plasma or serum clearance is calculated as
follows, including a correction for the difference in
molecular mass between nandrolone decanoate (M
= 428.63) and nandrolone (M = 274.39):

274.39 D

Cl= -
428.63 AUCoo

= 0.6302 -

(1n

0—

From the curves given Figs. 1 —4 it follows that:

1) Relatively large differences in hydrolysis half-life of
the ester exert relatively little influence on the time
course of nandrolone levels in plasma or serum. For
hydrolysis half-lives ranging from 1 to 30 min, the
differences can only be seen during the first few hours
following intramuscular administration. Even for hydro-
lysis half-lives up to 2 h, the resulting nandrolone serum
levels are essentially the same from 12 h after administra-
tion onwards.

2) Theoretically, in the curves from the full model
four exponentials should be detectable. Since, however,
the descending part of the curve represents the release of
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the ester from the muscular depot into the general
circulation, the half-lives of ester hydrolysis and of nan-
drolone distribution and elimination are to be estimated
in the ascending part of the curve. It would be practically
impossible to design an experimental set-up which is able
to discriminate between these three processes during the
first few hours after drug administration. The only
possibility would be to administer nandrolone intra-
venously and to estimate its kinetic profile. After a
sufficiently long wash-out period (presumably not ex-
ceeding one day) the ester can be administered intra-
muscularly. Using the individual kinetic parameters of
nandrolone as preset values in the full model, the rate
constants of ester release and of ester hydrolysis, as well
as the bioavailability of nandrolone from the ester, can
then be estimated from the time course of nandrolone
serum (or plasma) levels.

3) It follows from Fig. 3 that hydrolysis half-lives up to
one hour are sufficient to produce serum peak levels of
nandrolone from nandrolone decanoate at up to 10 h
following i.m. administration of the ester.

4) The restricted ‘flip-flop’ model gives an excellent
approximation of the theoretically more correct time
course of nandrolone levels obtained with the full model.
After the first few hours following drug administration,
differences between the curves from the two models are
negligible. For a great number of parameter combina-
tions the restricted model will also give very good
approximations even for the first few hours following
administration of the ester.



