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SUMMARY

Progesterone was administered percutaneously to postmenopausal women in topical applications on the breast and chest areas in a
hydrophilic (gel), lipophilic and an emulsion type base. Venous blood samples were taken 2, 4, 6, 24, 48 and 72 h following
administration, The plasma levels were evaluated by radioimmunoassay. Time of maximum concentration (tmax) was, in all cases, in
the neighborhood of 4 h. Mean peak plasma concentrations were: 1 ng/ml for the lipophilic, 1.24 ng/ml for the hydrophilic and 2.26
ng/ml for the emulsion type base. The areas under the curves (AUCs) were practically equivalent for the first two methods, but higher
values were obtained for administration in the emulsion type base. The elimination was slow, with a half-time varying in the range of
30-40 h for all three types of base, a value that was much higher than those obtained after administration of progesterone via vaginal
suppositories. The AUCs were parallel with the peak plasma concentrations: almost 2-fold higher for emulsion than for the gel and
lipophilic base. Fit for plasma levels using mono-, bi- and tricompartmental models furnished acceptable results only in the case of
monocompartmental model, which raises a number of physiological and physico-chemical considerations. A ‘psendomonocompart-
mental’ mode! was constructed to explain this ‘anomaly’.

INTRODUCTION

Several authors have reported a disequilibrium in the
normal levels of oestrogen—progesterone in women
with benign breast diseases and an improvement in the
patients’ clinical status after local administration of
progesterone (1). The advantage of percutaneous
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Pharmacy, Carol Davila University of Medicine and
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administration of progesterone is first of all that its
accumnulation in the skin assures extended constant
release, i.e. a natural system of controlled release. The
other reason for this type of administration is to avoid
a first pass effect. In addition, due to the delayed
absorption resulting from the barrier function of the
stratum corneum, excessively high peak plasma levels
can also be avoided. Studies on the pharmacokinetics
of progesterone following oral, vaginal and rectal
administration have shown a high plasma profile
dependence on the affinity of the active substance
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Fig. 1 : Plasma levels of progesterone after administration in Carbopol gel.

toward the non-active components of the pharma-
ceutical base (2-5). Consequently, in the present study
we examined the influence of three types of ointment
base (hydrophilic, lipophilic and polyphasic) on the
evolution of plasma levels of progesterone over time
and compared this with a previous study on the
pharmacokinetics of progesterone following different
vaginal applications.

MATERIALS AND METHODS

Progesterone (90 mg) was administered to 32 post-
menopausal women in a single 6 g dose via three
different bases: lipophilic (7 patients), an oil/water
emulsion (16 patients) and Carbopol gel as the
hydrophilic base (9 patients). The respective ointments
were applied to the breast and chest areas. The women
had received no hormonal treatment for 6 months prior
to the experiment. Blood samples were taken 2, 4, 6,
24, 48 and 72 h following administration of the
treatment products.

Plasma levels were evaluated by radioimmuno-
assay using a CEA-Sorin (Biomed, Vienna, Austria)
kit containing tritiated progesterone and a Tricarb
(Hewlett-Packard) scintillation camera.

Analysis of the experimental data was made via
TopFit 2 (Schering AG, Germany) software (6) and by
programs developed in our laboratory.

RESULTS AND DISCUSSION
Biodisposition

The plasma levels of progesterone following
administration of the three treatments are shown in
Figures 1-3. It can be seen that for the lipophilic base
the variability in the experimental data is greater in the
ascending part than in the final part of the curves,
where a thin bundle of parallel curves can be seen.
The maxima were situated in the range of 0.7-2 ng/ml
for the hydrophilic base and 0.6-1.5 ng/ml for the
lipophilic base.

The emulsion provided the best bioavailability,
with ¢, values in the range of 0.64-5.20 ng/ml. It is
to be observed that, in this case, the variability was
also greater (coefficient of variation, CV = 54%)
compared to that of the lipophilic (CV = 30%) and
Carbopol base (CV = 40%). However, the most
significant finding was that the plasma levels were one
order of magnitude lower than those that had usually
been observed following intravaginal (7) or oral (8)
administration of the same quantity of progesterone.

Regarding the percutaneous -administration of
progesterone, it appears that the nature of the base
influences first the extent and, to a lesser degree, the
rate of absorption, the time of maximum concentration
remaining practically constant. The higher concent-
rations in plasma observed after percutaneous
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Fig. 2 : Plasma levels of progesterone after percutaneous administration in lipophilic base,

application of alcohol-based solutions (3) are probably
due to a better absorption and to the occlusion of the
administration site.

Determination of the mean plasma levels for the
three groups is shown in Figure 4. The mean c,, , as
can be seen in Figure 44, is: 0.99 for the lipophilic,
1.24 for the hydrophilic and 2.26 ng/ml for the
emulsion type base. The corresponding areas under
curves (AUCs) were, respectively, calculated to be: 42,
50.3 and 82.4 ng X h/ml, which is approximately in

the same ratio with the ¢, values. A ratio in the
same range for peak plasma concentrations and AUC
for bases with a different affinity toward progesterone
was obtained for vaginal suppositories (4). The greater
AUC for the hydrophilic (Carbopol) than for the
lipophilic base appears normal if we consider the
lower affinity of the hydrophobic progesterone for the
hydrophilic base than for the lipophilic base. The
approximately 2-fold higher bioavailability assured by
the emulsion type base could be the result of a ‘global’

concentration (ng/ml)

80

Fig. 3 : Plasma levels of progesterone after administration in emulsion type base.
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Fig. 4 : (A) Plasma levels of progesterone after administration
in different bases (E = emulsion; L = lipophilic; and
H = hydrophilic). (B) Plasma levels of progesterone
after administration in different bases, emulsion data
divided by 1.83.

transfer of progesterone through the cutaneous tissue
in oil droplet form.,

Elimination

In all cases, interindividual variations in the final parts
of the curves were sufficiently small to justify a
pharmacokinetic analysis based on the mean blood
concentrations of the groups studied.

The elimination was slow, with a half-life in the
range of 3040 h. Consequently, one day after the
initial administration, the plasma level was 2-fold the
value before treatment. The half-life of 25-29 min
reported in the first hour following i.v. administration
(9) results from distribution in the second
compartment and metabolism, while our data mainly
regards renal clearance.

Following vaginal application of progesterone, the
elimination constant was 2-fold the value obtained
after percutaneous administration. As renal elimination

L L s e L T ey SRR T
40
(hourt

Fig. 5 : Fitting of the mean data for progesterone
administered as Carbopol gel (B) and fat base (A)
with monocompartmental model solutions.

is independent of administration route, this result is
compatible with the hypothesis of ‘dose-dependent
metabolism’ the hypothesis put forward to explain the
dependence of the elimination constant on the
suppository base reported in our previous paper. If the
plasma levels are of the same order of magnitude, the
pharmacokinetic parameters do not differ signiticantly,
as can be seen in Figure 4B, where dividing the data
for emulsion with a constant leads to a practical
superposition of the three curves. Further, due to its
high affinity for the stratum corneum, the progesterone
accumulates at this level, assuring a ‘delayed
absorption’.

Pharmacokinetic modeling

The results of fitting the mean data for progesterone
administered as a hydrophilic (Carbopol gel) and as a
lipophilic base with monocompartmental model
solutions are presented in Figure 5.
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An apparently better solution is obtained after
fitting with bi- and tricompartmental models,
However, the transfer parameters obtained are
inconsistent with physico-chemical and physiological
restrictions. For instance, the transfer coefficients
between the blood and lipid compartments are
approximately equal, in contradiction with the
octanol/water partition coefficient for progesterone of
3.9. In addition, a lack of uniqueness (more solutions
satisfying the same least square criterion) and stability
(different  solutions obtained following minor
differences in initial data) appeared.

Regardless of the mathematical models available,
two contradictory but significant findings should be
taken into consideration: (i) the model adopted for
progesterone  pharmacokinetics must take into
consideration skin, blood and lipids as compartments,
leading to solutions with at least four exponentials;
and (i) the biexponential solutions obtained both after
percutaneous and intravaginal administrations, which
almost met requirements.

To clarify these contradictions, a degenerated three
compartmental model was considered (see Annex 1)
on the basic assumption that the lipids and the stratum
corneum belong to the same compartment. It was also
taken into account, as experiments with in vitro
transfer of steroids have suggested (10), that the
uptake of progesterone in the bloodstream starts after
stratum corneum saturation. In this case, the number of
exponentials in the solution is reduced to two, thereby
pharmacokinetics displaying a ‘pseudomonocompart-
mental’ behaviour.

The hypothesis that the stratum corneum acts as a
‘reservoir’ is not difficult to accept, but it is not so
casy to understand such behaviour for the vaginal
mucosa. Although, using data very similar to that
obtained by us in a previous study, other authors (11)
have considered such a possibility. Since a number of
problems arose regarding the pharmacokinetics of
progesterone, additional experimental data and a more
in-depth mathematical anatysis is advocated.

CONCLUSIONS

It was concluded that the nature of the base influences
the ¢y, and the AUC, which can be explained, at
least qualitatively, by differences in the affinity of
progesterone toward the pharmaceutical form. The
effect of the route of administration was much more
significant, with blood levels after percutaneous
application that were 10-fold lower than following
intravaginal administration.

The elimination was slow, with a half-life in the
range of 3040 h for all three types of base, a value
which was much higher than those obtained after
administration  of  progesterone  via  vaginal
suppositories and those reported following oral, rectal,
im. and i.v. administration, i.e. apparently reflecting
dose-dependent kinetics, To explain this phenomenon,
both the ‘reservoir’ function of the stratum corneum
and the dependence of the metabolic rate on plasma
levels and route of administration could be taken into
account.

To explain the biexponential goodness of fit of the
experimental data, the construction of a three
compartmental model, which is ‘degenerated’ due to
the ‘confounding’ of the stratum corneum and lipid
compartments, can be considered.
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ANNEX 1

Mathematical degenerated tricompartmental model of
the pharmacokinetics of lipophilic drugs after
percutaneous administration

Hypothesis

L.The lipophylic active substances transfer from
the pharmacentical form in the stratum corneum and
the transfer into blood begins after its ‘saturation’:
(c5(0) = cp).

2.The transfer coefficients between stratum cor-
neum and blood are equal to the transfer coefficients
between lipids and blood.

3.The ratio of the transfer coefficients between two
compartments equals the partition coefficient of the
active substance (ky/k;; = P;).

[de,
T + pacy,
deg

3 s ac, — (2pa +ejcy, + ag
dCl

it =—ac| + pacy,

Initial conditions:
ce(0) = ¢
c(0)=c(0)=0

Applying Laplace transform

L(c(t) = _[:e““c(t)dt -

~(a+2) cg 0
a 0 a
_ 0 0 -(a+A)
= —@+A) pa 0

a ~(2pa+e-+r)y a
0 pa —(a+1)

stratum corneum

c

s
a pa
pa
blood — lipids
b - ©
ke
a(a+ A

- -(a+AM[(a+A)(2pa+e+]) -—2pa2]

aCO

7\.2 +(2pa +e +a)A + ae

__A B
L+o A+P

Applying the inverse Laplace transform , we obtain for
the blood concentration:

~ot Pt
c)=Ale -e )

i.e. a biexponential solution as in the case of the
monoccompartmental model.

Abbreviations:

¢, = progesterone conc. in stratum corneum
Cy, = progesterone conc. in blood

C; = progesterone conc. in lipid

p = water/octanol partition coefficient

a = absorption constant
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Fig. 4 (A) Plasma levels of progesterone after administration
in different buses emulsion; L. = lipophilic; and
H = hydrophilic). (B) Plasma levels of progesterone
after administration in different bases, emulsion data
divided by [.83.

transfer of progesterone through the cutaneous tissue
in oil droplet form.

Elimination

In all cases, interindividual variations in the final parts
of the curves were sufficiently small to justify a
pharmacokinetic analysis buased on the mean blood
concentrations ol the groups studied.

The elimination was slow, with a half-life in the
range of 30-40 h. Consequently, one day after the
initial administeation, the plasma level was 2-fold the
value before treatment. The half-life of 25-29 min
reported in the first hour following i.v. administration
(9)  results  from  distribution  in the  second
compartment and metabolism, while our data mainly
regards renal clearance,

Following vaginal application of progesterone, the
elimination constant was 2-fold the value obtained
after percutaneous administration. As renal elimination

A

Fig. 5 ¢ Fitting ol the mean datn for  progesterone
administered as Carbopol gel (B) and fat base (A)
with monocompartmental model solutions.

is independent of administration route, this result is
compatible with the hypothesis of “dose-dependent
metabolism’ the hypothesis pul lforward 1o explain the
dependence  of the elimination constant on  the
suppostory base reported in our previous paper. If the
plasma levels are of the same order o magnitude, the
pharmacokinetic parameters do not differ significantly,
as can be seen in Figure 4B, where dividing the data
tor emulsion with a constant leads to a practical
superposition of the three curves. Further, due to its
high affinity for the stratum corneum, the progesterone
accumulates  at  this  level, assuring o “delayed
absorption”,

Pharmacokinetic modeling

The results of fitting the mean data for progesterone
administered as a hydrophilic (Carbopol gel) and as a
lipophilic  base with monocompartmental  model
solutions are presented in Figure 5.




