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The aim of the study is to evaluate the metabolism of progestin drug Gestobutanoil in the experiment with administration of tablet
dosage form containing Gestobutanoil (2 mg), to experimental animals (rats and rabbits).

Materials and Methods. There was performed analysis of biomatrix obtained from different species of animals: female rats weighing
200.0+60.0 g and female rabbits weighing 3.0+0.2 kg, which were administered different doses of the drug, single or multiple. Metabolites
were identified using high performance liquid chromatography-mass spectrometry (HPLC-MS).

Results. The analysis shows that Gestobutanoil is rapidly metabolized into 17a-acetoxy-3p-hydroxy-6-methylpregna-4,6-dien-20-one
(AMP-17) and 17-hydroxy-6-methylpregna-1,4-diene-3,20-dione in the form of acetate (MA). The steroid core of Gestobutanoil has the
butyric acid radical in the 3B position. This radical cleavage underlies biotransformation of Gestobutanoil. The obtained pharmacokinetic
parameters for metabolites have demonstrated that Gestobutanoil has a stepwise nature of metabolism: the time to reach the maximum
concentration of AMP-17 is 1.5 h, MA — 3 h. Also AMP-17 proves to penetrate into the peripheral tissues better than MA.

Conclusion. The data obtained speak of a unique, different from other gestagens, metabolism of Gestobutanoil. Unlike the known
progestogen medroxyprogesterone acetate whose main route of transformation is hydroxylation of the steroid nucleus of the molecule with
rather high bioavailability in an unchanged state, Gestobutanoil shows rapid biotransformation into metabolites AMP-17 and MA manifesting

their own gestagenic activity with release of butyric acid, which, in turn, may produce a calming effect on the central nervous system.
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Introduction

The object of the study was a novel drug in tablet
dosage form based on a steroid compound Gestobutanoil
(17a-acetoxy-3p-oxy-6-methylpregna-4,6-dien-20-one in
the form of butanoate), for hormone replacement therapy
in gestagen deficiency, particularly, its metabolism in
experimental animals — rats and rabbits.

The drug and its active substance were developed at
Pirogov Russian National Research Medical University
to correct gestagen deficiency in women. Previously,
Gestobutanoil was found to have high specific
pharmacological activity, 102 and 20 times superior to
comparator drugs — progesterone and levonorgestrel,
respectively [1, 2].

Acute, chronic and specific toxicity of Gestobutanoil
tablets of 2 mg was investigated, which allowed

classifying the developed low-toxic drug into the
category of toxicity class 4 substances [3].

An essential component of preclinical research of
novel drugs is also studying their metabolism: qualitative
and quantitative analysis of biotransformation products
of pharmacological agents, evaluation of interspecific
differences in metabolism [4].

The aim of the study is to evaluate the metabolism
of a finished dosage form of progestational steroid drug
Gestobutanoil in biological fluids of rats and rabbits after
administration of Gestobutanoil tablets of 2 mg.

Materials and Methods

The study was carried out with the use of
Gestobutanoil in tablets containing 2 mg of butyl ester
17a-acetoxy-3B-oxy-6-methylpregna-4,6-dien-20-one
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as an active pharmaceutical substance, polyvinyl
alcohol (4 mg) and PROSOLV® EASYTab SP (94 mg)
as auxiliary substances, developed at Pirogov Russian
National Research Medical University (project CPD,
state registration number: AAAA-A17-117052950002-8).
17a-acetoxy-3B-hydroxy-6-methylpregna-4,6-dien-20-
one (AMP-17) substance was synthesized at the Federal
Research Centre “Bioengineering” of the Russian
Academy of Sciences. 17-hydroxy-6-methylpregna-1,4-
diene-3,20-dione substance in the form of acetate (MA)
was produced by Sigma (USA).

The animals were administered powdered tablets as a
suspension in a 0.5% solution of carboxymethylcellulose
(CMC). A glass beaker was filled with 2 g of CMC
(Merck, Germany), 400 ml of hot (60-70°C) distilled
water was added to obtain a homogeneous 0.5% CMC
gel with prolonged stirring on a magnetic stirrer RH basic
(IKA, Germany). The suspension of tablets was prepared
in a porcelain pounder by triturating tablets with a small
amount of CMC gel and 1 ml of Twin-80 polysorbate.
The suspension volume was adjusted to the required
by mixing the contents of the pounder and CMC gel in a
glass beaker with a magnetic stirrer.

Metabolite identification and assay were performed on
a high performance liquid chromatograph Ultimate 3000
(Dionex, Germany) with mass detector MicrOTOF-Q |l
(Bruker, Germany) using the method described in work [5].

Blood serum was obtained from two types of
experimental animals: female rats weighing 200.0£60.0 g
and female rabbits weighing 3.0£0.2 kg (Stolbovaya
breeding nursery, Chekhov, Moscow region). Basic
conditions of animal care and management complied
with the Guidelines CP 2.2.1.3218-14 dated 29.08.2014
No.51, GOST 33044-2014 and the Order of the Ministry
for Public Health and Social Development of the Russian
Federation No.199n dated 01.04.2016.

Rats and rabbits were deprived of food prior to drug
administration (18 h before the experiment). Blood
samples were collected from rats during decapitation,
rabbit blood samples were taken from the auricular
vein through a catheter. Serum was obtained by
centrifugation of the blood at 3000 rpm for 5 min in the
centrifuge MiniSpin (Eppendorf, Germany).
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Based on pharmacokinetic data of the comparator
drug medroxyprogesterone acetate, similar in chemical
structure and pharmacological properties [6, 7], it was
decided to consider 25 mg/kg of Gestobutanoil as
the main provisional reference dose. In preliminary
experiments, only metabolites AMP-17 and MA were
found in the blood serum of rats, receiving Gestobutanoil
in a dose of 25 mg/kg. Analytical method with 10 ng/ml
quantification limit for Gestobutanoil failed to detect the
drug in rat blood serum. In order to study the metabolism
in detail and the possibility to obtain the kinetics of
Gestobutanoil per se, we have taken an increase in
doses: rats were administered 50, 100, and 250 mg/
kg, rabbits — 50 mg/kg. The selected doses were no
more than LDsy of Gestobutanoil, previously defined as
>5 g/kg [3].

Results and Discussion

Analysis of biomatrix from different animal
species showed that Gestobutanoil underwent rapid
biotransformation forming metabolites AMP-17 and
MA. This biotransformation pathway is ensured by the
presence of a butyric acid radical in the Gestobutanoil
molecule at position 383, which is easily cleaved. No
Gestobutanoil was detected in the serum of rats and
rabbits even at the first time point (0.25 h, 0.75 h) after
administration of high doses. Pharmacokinetics of the
drug was studied indirectly by its metabolites. Figure 1
shows the structural formula of Gestobutanoil and its
metabolites AMP-17 and MA.

Pharmacokinetics of Gestobutanoil in rat blood
serum after a single administration. Figure 2 shows
pharmacokinetic curves of AMP-17 and MA metabolites
in rat serum, obtained after a single oral administration
of Gestobutanoil in doses of 50, 100, and 250 mg/kg.

These curves clearly demonstrate that peak serum
concentration of the metabolite AMP-17 (T 5=0.25—
1.5 h) occurs faster than for MA with T,;=1.5-6 h
after administration of Gestobutanoil. Assessment of
linearity of pharmacokinetics showed that the maximum
concentration of metabolites (Cp,ax) Was not Gestobutanoil
dose dependent. C,,. values for AMP-17 were 390.4,
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Figure 1. Structural formulas of analytes
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Figure 2. Pharmacokinetic curves of metabolites AMP-17 (a) and MA (b) at different doses of Gestobutanoil

administered to rats orally as a single dose

47.0, and 750.9 ng/ml for doses of 50, 100, and
250 mg/kg, respectively. Maximum MA concentrations at
different doses were almost the same: 2196.0, 2238.2,
and 2205.0 ng/ml for doses of 50, 100, and 250 mg/kg,
respectively. The drug dose of 250 mg/kg provides a
plateau of high MA concentration in animal blood serum
ranging 0.75 to 6 h, which indicates the effect of enzyme
saturation with the substrate, at which the maximum rate
of biotransformation reaction is achieved.

Table 1

Pharmacokinetic parameters of metabolites AMP-17
and MA after oral single administration

of Gestobutanoil tablets suspension

to different animal species

Table 1 shows the calculated pharmacokinetic
parameters of AMP-17 and MA metabolites in rats
at three doses. The area under the curve (AUC)
characterizing bioavailability calculated for MA has linear
dependence on the dose of Gestobutanoil administered
in the dose range of 50-250 mg/kg. The bioavailability
(AUC) of AMP-17, just like Cay, is Nnot dose-dependent,
which suggests strong influence of external factors on

this route of Gestobutanoil biotransformation.

AMP-17 metabolite compared to MA is
characterized by larger volume of distribution
(Vd), which is likely to indicate its more active
penetration into the peripheral tissues and
intensive metabolism of AMP-17 molecule.
Half-life periods (T45) of the two metabolites
are almost the same and vary within 5.0-

Parameter Rats,adose Rats,adose Rats,adose Rabbits,adose 157 h for AMP-17 and 4.3-10.7 h for MA.
of 50mglkg of 100 mglkg of 250 mglkg  of 50 mglkg Elimination rate constants (k) for metabolites
AMP-17 are 0.044-0.138 h~' for AMP-17 and 0.065-
AUCy_54 (ng/mi/h) 938.7 590.9 5133.9 1024 0.163 h-' for MA. AMP-17 clearance (CL) has
AUC,._.. (ng/ml/h) 1370.9 612.1 5637.8 190.7 large dispersion and equals 14.6, 32.67, and
Crnax (ng/ml) 3904 47.0 7508.9 2246 3.5 L/h for doses of 50, 100, and 250 mg/kg,
Tonax () 0.25 1.5 0.25 0.25 respectively. Metabolite MA clearance is 1.4,
CL (L) 14.6 32.67 35 104.9 0.95, and 0.48 L/h for doses of 50, 100, and
ket (1/h) 0.044 0.138 0.067 0.141 250 mg/kg, respectively. Mean residence time
Tipz (h) 16.7 5.0 104 4.91 (MRT) is 6.3-19.8 h for AMP-17 and 7.7-
MRT (h) 19.8 8.9 6.3 7.54 13.1 h for MA.
Vd(L) 3309 2365 931 7430 Disproportionate increase in C,.x Vvalues
MA with increasing dose of Gestobutanoil and
AUCq_y4 (ng/mifh)  11,580.0 20,444.3 35,669.6 4119.2 dependence of pharmacokinetic parameters
AUC,_.. (ng/mllh) 14,4516 20,9784 41,7437 4897.4 such as Vd, kg, CL, T42, and MRT on the dose
Crnax (ng/ml) 2196.0 2238.2 2205.0 413.56 suggest nonlinear pharmacokinetic nature of
Tonax (h) 1.5 3.0 6.0 15 Gestobutanoil metabolites.
CL (L/h) 14 0.95 0.48 4.08 Pharmacokinetics of Gestobutanoil after
ke (1/h) 0.065 0.163 0.076 0.075 a single administration to rabbits. According
Ty () 107 43 9.1 9.21 to the preclinical guidelines [4], the study of
MRT (h) 131 17 1.5 12.08 pharmacokinetics includes the comparison of
Vd (L) 213 5.9 6.3 4.3 pharmacokinetics in different animal species
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Figure 3. Concentration of metabolites in rabbit blood
serum after a single oral administration of Gestobutanoil
at a dose of 50 mg/kg

at the same dose. The selected dose of 50 mg/kg for
rabbits was sufficient in terms of analytical method
sensitivity to study the differences in pharmacokinetics
in rats and rabbits. Since pharmacokinetics at a dose of
50 mg/kg was described for rats (see Table 1), the same
dose was chosen for rabbits.

Figure 3 shows pharmacokinetic curves of
metabolites AMP-17 and MA detected in the serum of
rabbits administered Gestobutanoil at a single oral dose
of 50 mg/kg.

It is evident from Figure 3 that C,,, of AMP-17 in
rabbit blood serum is 22.5 ng/ml, MA C,,.x— 413.6 ng/
ml. Table 1 presents the calculated pharmacokinetic
parameters of metabolites AMP-17 and MA.

AMP-17 has large volume of distribution (Vd=743.0 L)
as compared to MA, in which Vd=54.3 L. In rabbits, kg
values equal 0.141 and 0.075 h~" for AMP-17 and MA,
respectively. Clearance is 104.9 L/h for AMP-17 and
4.08 L/h for MA. T4, is 4.91 for AMP-17 and 9.21 for MA;
MRT is 7.54 and 12.08 for AMP-17 and MA, respectively.

Presented data allow for a conclusion about
the presence of general patterns in metabolism of
Gestobutanoil in rats and rabbits. The differences in
pharmacokinetics in the compared animal species are
present at the level of bioavailability of the identified
metabolites. The increase in animal body weight leads to
the decrease in AUC and C,,,, from species to species.
However, it is impossible to speak definitely about the
decrease of Gestobutanoil bioavailability judging by its
metabolites. It should be also taken into account that the
decrease in bioavailability does not necessarily suggest
the decrease in drug efficacy, since the decrease in the
total amount of circulating substance in blood does not
prove a decrease in the amount of substance at the site
of action or at the target organ.

The time of reaching the maximum concentration
correlated in rats and rabbits only for one dose — 50 mg/
kg. At the same time, T,ox AMP-17 was always less than
Tmax MA, both in rats and rabbits. The increase in CL
and Vd, is likely to be associated only with the increase
in body weight of the animals.

The Metabolism of a Steroid Drug with Progestational Activity
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Parameters characterizing elimination of AMP-17
from the body are not reproduced in different species at
different doses, which indicates the nonlinear nature of
metabolite pharmacokinetics.

In case of MA, pharmacokinetic parameters for the
dose of 50 mg/kg show that elimination occurs equally
in rats and rabbits. There are almost no interspecific
differences in MA pharmacokinetics.

Multiple-doses pharmacokinetics of Gestobutanoil
in rats. Though in previous studies the
pharmacokinetics of Gestobutanoil was described only
through its metabolites, the multiple-doses studies must
be carried out. There was no need to investigate more
than one dose. The multiple-doses studies were carried
out on rats with the dose of 50 mg/kg. The dose was
chosen to avoid potential toxic effects due to possible
accumulation of the substance and its metabolites in
the body.

Pharmacokinetic curves (Figure 4) of metabolites
AMP-17 and MA represented by average concentrations
found in blood serum of rats administered Gestobutanoil
repeatedly for 5 days at a dose of 50 mg/kg show kinetic
dependences obtained on day 5 of the experiment.

After multiple administration, kinetic curves of
metabolites have a similar shape to the curves obtained
at a single administration (see Figure 2). Based on that,
we can suggest that there is no effect of accumulating
Gestobutanoil substance and its metabolites. Time of
reaching the maximum concentration is 2 and 3 h for
AMP-17 and MA after Gestobutanoil administration. The
maximum concentrations of AMP-17 and MA are 15.1
and 237.2 ng/ml, respectively, which is significantly less
than in the experiment with a single administration of the
same dose.

Comparison of AUC values of metabolites (Table 2)
also showed their decrease compared to the data in
Table 1. This, evidently, indicates saturation effect of
enzyme systems responsible for biotransformation of
Gestobutanoil administered repeatedly as compared to
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Figure 4. Concentration of AMP-17 and MA in rat serum
after multiple oral administration of Gestobutanoil at a dose
of 50 mg/kg
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Table 2

Pharmacokinetic parameters

of metabolites AMP-17 and MA

after multiple oral administration

of Gestobutanoil tablets suspension
to rats at a dose of 50 mg/kg

Parameter AMP-17 MA
AUC_.. (ng/ml/h) 58.88 2029.94
AUC,._.. (ng/mlih) 96.29 2138.04
Crnax (ng/ml) 15.142.2 237.2416.3
Tonax () 2 3
CL (L/h) 207.71 9.16
ky (1/h) 0.191 0.114
Tin (h) 3.6 6.1
MRT (h) 6.24 8.04
Vd (L) 1090.6 80.3

that after a single dose. By contrast, Vd values of each
metabolite increased in the experiment with multiple
administration of Gestobutanoil: they amounted to
1090.6 and 80.3 L for AMP-17 and MA, respectively.
CL increased with the increase of the Vd. When
Gestobutanoil was administered repeatedly, it amounted
to 207.71 L/h for AMP-17 and 9.16 L/h for MA.

Actually, there is no change in kinetic parameters
describing excretion of metabolites from the body
when changing single dosing regimen to multiple
administration. Half-elimination period was 3.6 h for
AMP-17, 6.1 h for MA. In multiple administration
experiment, elimination rate constant was 0.191 h~" for
AMP-17 and 0.114 h~" for MA.

Metabolism studies of a novel gestagen steroid drug
in tablet dosage form containing 2 mg of Gestobutanoil
in vivo in rabbits and rats using high performance
liguid chromatography-mass spectrometry method
show that Gestobutanoil is rapidly metabolized forming
two metabolites AMP-17 and MA. Pharmacokinetic
parameters for metabolites indicate that Gestobutanoil
has a stepwise nature of metabolism: the time to reach
the maximum concentration of AMP-17 is 1.5 h and
MA — 3 h. Compared with MA, the metabolite AMP-
17 penetrates better into the peripheral tissues. It
has been established that pharmacokinetics of the
metabolites is nonlinear. Enzyme saturation forms a
plateau on MA pharmacokinetic curve when high doses
of Gestobutanoil are administered.

There were no interspecific significant differences
in the Gestobutanoil metabolism in rats and rabbits. At
the same doses, the decreases in C,,,, and AUC were
observed in rabbits compared to rats.

Pharmacokinetic parameters show no effect of
accumulation and deposition of metabolites after
multiple-doses administration of Gestobutanoil to rats
for 5 days. However, the decrease of AUC and Cu
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indicates a slowdown in metabolism, which implies the
presence of enzyme saturation effect.

Conclusion
The data suggests that the metabolism of
Gestobutanoil has a unique path, completely

different from other gestagens. Unlike the known
medroxyprogesterone acetate whose main route of
transformation is hydroxylation of the steroid nucleus
of the molecule [8, 9] with rather high bioavailability in
an unchanged state [6], Gestobutanoil shows rapid
biotransformation into metabolites AMP-17 and MA
manifesting their own gestagenic activity [10], with
release of butyric acid, which, in turn, may produce a
calming effect on the central nervous system [3].
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