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BiisiHie XKeHCKHX M0JIOBBIX TOPMOHOB HA (DYHKIIMOHMPOBaHHE 0eJIKa-

TPaHCHoOpTepa INIMKOoNnpoTenHa-P
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I'ankonpoTenH-P (Pgp, ABCB1-6erok) — Berok-TpaHCNopTep, AOKaAM3YIOWNIACS B MemOpaHe renaTtoLnUTOB, SHTEPOLIMTOB TOHKO-
ro M TOACTOrO KUWEYHUKA, SMUTEAMOLMTOB MOYEUYHbIX KaHAAbLEeB, SHAOTEAMAAbHbBIX KAETOK FrMcTorematTnyecknx b6apbepos, ony-
XOAEBbIX KAETOK.

LleAb nccaeroBaHMsi — M3Y4nTb B IKCMEPUMEHTE BAMAHME (DU3MOAOTMHYECKUX KOHUEHTPAUWA 3CTPaAMoAa M MporecTepoHa Ha
PYHKLMOHAABHYIO aKTUBHOCTb Pgp Ha ypoBHE LIeAOCTHOrO opraHu3ma.

Matepuan n metoabl. PaboTta BbinoAHeHa Ha 17 NOAOBO3PEAbIX KPOAMKAX-CaMKax MOPOAbI WMHIIKMAAA. 1-7 rpynne KPOAMKOB Bbina
npoBeAeHa «AOXHasi onepaumsi» (n=5); 2-i rpynne (n=6) BbINOAHSIAM OBApPMO3KTOMMIO; 3- rpynmne (n=6) NPOBOAMAM OBapHUOIK-
TOMMIO U B TedeHue 14 aHeR, HauMHas ¢ 14-X NOCAeONePaLIMOHHbIX CYTOK, BBOAMAW 3CTPaanoa (no 0,5 Mr), a 3aTeM KOMOUHALMIO
acTpaanona (0,5 mr) u nporectepoHa (5 Mr) B TedeHue 14 cyT. 3a 7 AHeM A0 Ha4aAa MCCAeAOBaHMS, Ha 14, 28 1 42-e cyTkM nocae
onepaunn y KPOAMKOB BCex rpynn metoaom BIXKX onpeaeasian gyHKUMOHaABbHYIO akTMBHOCTL Pgp no drapmakokuHeTHke ero
MapkepHoro cybcTpaTta pekcodeHaanHa. HakonaeHne pekcodeHaamHa B opraHnsme CBMACTEAbCTBYET 06 nHrnbmposanumn Pgp,
a CHMXEHME ero coaep>xaHms — o6 nHaykumm Pgp.

Pesyabtatbl. OBapMOKTOMMSA MPUBOAMAA K CHUXKEHMIO (DYHKLIMOHAAbHOW akTMBHOCTH Pgp. BBeaeHne scTpaanona B TeyeHune 14
CYT NOCAE OBapPMO3KTOMMU CYLIECTBEHHO HE BAMSAO Ha (DYHKUMOHAAbHYIO aKTMBHOCTb beAka-TpaHcnopTepa. BeeaeHne kombu-
HaLUMKM 3CTPaAMOAA M MporecTepoHa B TedeHne 14 AHel MPUBEAO K MOBBIWEHMIO aKTMBHOCTM Pgp OTHOCMTEAbHO MoOKasaTeAs y
OBapPUO3KTOMMPOBAHHbIX XMBOTHbLIX 1 MCXOAHOTO YPOBHS.

3akAlouenue. BAnsiHME (U3MOAOTMUECKMX KOHLIEHTPALIMIA 3CTPAAMOAA M NPOrecTepoHa Ha (hyHKUMOHMPOBaHWe GeAka-TpaHcnop-
Tepa CBMAETEAbCTBYET O TOM, 4TO 3PPeKTUBHOCTL (hapmakoTepanumn cybctpatamm Pgp MoXeT 3aBMCeTb OT (ha3bl MEHCTPYaAbHO-
ro LUMKAQ, a AASI NOBbIWEHNS 3P EeKTUBHOCTM COOTBETCTBYIOLEN (hapmakoTepanum BO3MOXHa KOPPEKTUPOBKA AO3 A€KapCTBEH-
HbIX CPEACTB.

Knatouesble croBa: ramkonpotenH-P, ABCB1-6enok, yHKLUMOHaAbHasi aKTUBHOCTb, hekcogpeHarnH, BO)KX, nporectepoH, actpa-
AMOA.
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The P-glycoprotein (Pgp, ABCB1-protein) is a transport protein localized in the membrane of hepatocytes, small and large intestine
enterocytes, renal tubular epitheliocytes, endothelial cells of histohematic barriers, and tumor cells.

Aim — to study the effect of estradiol and progesterone physiological concentrations on the Pgp functional activity on the whole
body.

Material and methods. The work was performed on 17 adult female chinchilla rabbits. The first group of rabbits underwent a
“false operation” (n=5); the second group (n=6) underwent ovariectomy. The third group (n=6) was ovariectomized and received
estradiol (0.5 mg/rabbit) for 14 days (starting on the 14* postoperative day), followed by combined administration of estradiol (0.5
mg/rabbit) and progesterone (5 mg/rabbit) for 14 days. The Pgp functional activity was determined in rabbits of all groups using
HPLC analysis of fexofenadine pharmacokinetics on day 7 before the study onset and on day 14, 28, and 42 after the operation.
Accumulation of fexofenadine in rabbits indicates Pgp inhibition, and a decrease in its content means Pgp induction.

Results. Ovariectomy led to a decrease in the Pgp functional activity. The estradiol introduction for 14 days after ovariectomy did
not significantly affect the transport protein functional activity. Combined administration of estradiol and progesterone for 14 days
resulted in an increase in the Pgp activity, compared to that in the ovariectomy series and baseline values.

Conclusions. The dependence of the transport protein activity on the dynamics of physiological estradiol and progesterone con-
centrations suggests that the effectiveness of pharmacotherapy with Pgp substrates may depend on the menstrual cycle phase, and

drug dose correction may be used to increase the pharmacotherapy effectiveness.

Keywords: P-glycoprotein, ABCB1-protein, functional activity, fexofenadine, HPLC, progesterone, estradiol.

Background

Glycoprotein-P (Pgp, ABCBI-protein) is an ATP-
dependent protein transporter located in the cytoplasmic
membrane of hepatocytes, small and large intestine en-
terocytes, renal tubular epitheliocytes, endothelial cells
of histogematic barriers, and tumor cells. It performs the
same function in all these cells: it removes xeno- and en-
dobiotics to the extracellular space, biological fluids

(blood, bile or urine) and the lumen of the intestine.
Therefore, Pgp plays an important role in pharmacoki-
netics (absorption, distribution and excretion) of its sub-
strate drugs, transport of endogenous substances (e.g.,
steroid and thyroid hormones), and development of re-
sistance of tumor cells to chemotherapy [1].

The functional activity of Pgp is affected by a number
of factors. Some substances act as inductors (rifampicin,
glucocorticosteroids, thyroxine) and increase the activity
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of this transporter protein, which can reduce the effec-
tiveness of therapy with Pgp substrates (digoxin, dabiga-
tran etexilate, statins, etc.), whereas others act as Pgp in-
hibitors (verapamil, amiodarone, ketoconazole), which
can lead to a relative overdose by its substrates [2]. The
ability of drugs to inhibit the functional activity of Pgp
can be used in cancer therapy to overcome the multiple
drug resistance caused by increased activity of this trans-
porter protein.

Conflicting results regarding the effect of female sex
hormones on functional activity and Pgp expression have
been obtained in in vitro studies of different cell lines. For
example, it has been demonstrated that estrogens and pro-
gesterone at a concentration of 50 uM increase the expres-
sion of mRNA of MDRI gene which encodes the trans-
porter protein in cells of LS180 line (human colon cancer
cells) [4]. At the same time, estradiol at concentrations of
10 pM - 10 nM reduced the level of Pgp in the breast can-
cer cells transduced with the MDRI gene [5]. In the L-
MDRI1 and P388/dx cell lines, progesterone inhibits the
activity of the transporter protein at a concentration of 13.3
+ 3.2 uM and 30.2 = 9.8 uM, respectively [6]. Progester-
one at a concentration of 50 uM also reduced the func-
tional activity of Pgp in the vinblastine-resistant cell line,
as evidenced by 4—5-fold increase in accumulation of vin-
blastine (substrate Pgp) in the cells [7]. It should be noted
that in vitro studies used hormones concentrations signifi-
cantly higher than their serum levels in humans and ani-
mals (3 X 10° M). In addition, the combined effect of es-
tradiol and progesterone has not been studied.

Throughout the menstrual cycle, concentrations of
sex hormones in a female body constantly changes. It
suggests a change in the functioning of Pgp in different
phases of the cycle, which may affect the pharmacokinet-
ics of drugs that act as substrates of this transporter pro-
tein. This assumption is indirectly supported by inconsis-
tency of data on gender differences in the pharmacoki-
netics of Pgp substrates (verapamil, cyclosporine, etc.),
which may be associated with different phases of the cycle
in women enrolled in the study [8].

Aim
To conduct an experiment on the effect of physiolog-

ical concentrations of estradiol and progesterone on Pgp
functional activity at the level of the whole organism.

Methods

Study Design

We have conducted an experimental prospective
controlled study on laboratory animals.

Inclusion Criteria

The study was performed on 17 mature female chin-
chilla rabbits with a mass of 3000—3500 g. At the time of
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enrollment all animals reached puberty and were in a
state of estrus (polyestros).

Conditions of the study

The animals were obtained from the Kasimov-Miak-
ro kennel, they had the necessary veterinary certificates
and were kept in the standard conditions of the vivarium
of the Ryazan State Medical University of the Ministry of
Health of the Russian Federation. The work with animals
was conducted in accordance with the rules of laboratory
practice (the order of the Ministry of Health of the Rus-
sian Federation No. 1999 of April 1, 2016).

Duration of the study

The study was conducted in 2017, the duration of the
study for each animal was 47 days.

Subgroup analysis and description of medical
intervention

The animals were divided into 3 groups.

The first group of rabbits underwent a “false surgery”
(n = 5), which consisted of the opening of the skin and
subcutaneous adipose tissue of the anterior abdominal
wall, followed by layered wound suturing. The second
group of animals (n = 6) underwent ovariectomy. The
third group of rabbits (n = 6) had ovariectomy and was
administered estradiol 0.5 mg/rabbit starting from 14th
postoperative day for 14 days, followed by a combination
of estradiol (0.5 mg) and progesterone (5 mg) for another
14 days .

Estradiol (Proginova, Bayer, Germany) and proges-
terone (Utrozestan, Besins Healthcare, Belgium) were
administered to rabbits per os once a day. This scheme of
the experiment mimics the menstrual cycle, during which
the levels of estrogens and progesterone in the blood de-
creases during menstruation, the level of estrogens in-
creases in the ovulatory phase, and the level of both es-
trogens and progesterone in the blood increases in the
luteal phase.

The ovariectomy and the “false surgery” were per-
formed in the operating room of the Ryazan State Medi-
cal University vivarium under anesthesia, which was ad-
ministered by intramuscular injection of xylazine hydro-
chloride (Rometar, SPOFA, Czech Republic) in a dose
of 4.0—6.0 mg/kg body weight and zoletil-50 (Virbac,
France) in a dose of 5—10 mg/kg body weight.

The primary endpoint of the study

The functional activity of Pgp (based on the pharma-
cokinetics of the marker substrate) was determined 7 days
before the start of the study, as well as on the 14th, 28th
and 42nd days after the surgery.

Additional endpoints of the study

In addition, the serum concentrations of sex hor-
mones (testosterone, estradiol, progesterone) were deter-
mined in the animals at the above-mentioned timepoints.
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Methods of recording endpoints

The functional activity of Pgp was evaluated by phar-
macokinetics of fexofenadine (Allegra “Sanofy Aventis”,
France) after its single oral administration (67.5 mg/kg
body weight, in a volume of 5 ml) as an aqueous suspen-
sion [9,10]. Fexofenadine does not undergo biotransfor-
mation and its pharmacokinetics depends primarily on
the activity of this transporter protein. The accumulation
of fexofenadine in rabbits indicates Pgp inhibition,
whereas the decrease in its content indicate the induc-
tion of Pgp activity.

To determine the concentration of fexofenadine,
blood in a volume of 5 ml was taken from the marginal
vein of the rabbit ear into the heparinized tubes at 1, 2, 3,
4,5, 6, 12 and 24 hours after the administration of the
drug. Blood samples were centrifuged (1000 g, 10 min),
the plasma obtained was stored until analysis at 29 °C for
a month The concentration of fexofenadine in plasma
was determined using a high performance liquid chro-
matograph “Stayer” equipped with a UV spectrophoto-
metric detector UVV 104 at a wavelength of 220 nm using
a reversed-phase chromatographic column Ultrasphere
4.6 X 250 mm (5 um mesh) by Beckman Coulter. Fexof-
enadine was extracted from the plasma with dichloro-
methane (“ACROS ORGANICS?”), ethyl acetate (“AC-
ROS ORGANICS”) and diethyl ether (“KHIMMED”).
The following mobile phase was used for the elution (200
ml): 64 ml of acetonitrile, 133.7 ml of twice distilled wa-
ter containing 2.33 ml of glacial acetic acid (“KH-
IMMED”) and 0.936 ml of triethylamine (“ACROS
ORGANICS”) [9, 10]. The pH of the mobile phase was
adjusted to 5.0 using triethylamine. The retention time of
fexofenadine peak was 12.6 minutes.

The following pharmacokinetic parameters of fexofe-
nadine were calculated using a model-independent meth-
od [11]: C_  is the maximum concentration (ng/ml),
AUC_ is the area under the pharmacokinetic concentra-
tion-time curve from zero to the time of the last blood
sampling (ng < h/ml); Cl is the total clearance (1/h). The
concentration of sex hormones was determined in the
Central Scientific Research Laboratory of Ryazan State
Medical University by radioimmunoassay using the stan-
dard test system manufactured by IMMUNOTECH
(Czech Republic), with subsequent processing of the re-
sults obtained on the Immunotest analyzer (Russia).

Ethical expertise

The study protocol No. 12 of April 8, 2016 was re-
viewed and approved at a meeting of the local ethical
committee of the Ryazan Medical State University of the
Ministry of Health of the Russian Federation.

Statistical analysis

Principles of calculating the sample size: the number of
animals used in the study was defined by the minimum
requirement for their numbers in an experimental phar-
macokinetic study [12].

DOI: http://dx.doi.org/10.14341/probl9545

Methods of statistical data analysis. The obtained re-
sults were processed with the help of the “StatSoft Statis-
tica 7.0” software (USA). The significance of the differ-
ences between the indicators of the animals hormonal
status was assessed using the Friedman criterion. In case
of statistical significance, paired comparisons were per-
formed using Wilcoxon test. The results obtained are pre-
sented in the form of a median, a lower and an upper
quartile. The statistical significance of differences be-
tween the pharmacokinetic parameters of fexofenadine
was assessed based on the assumption of log-normal dis-
tribution of data. The comparison of the studied pharma-
cokinetic parameters was carried out by means of ANO-
VA after their log-transformation. Differences compared
to the baseline values within groups and intergroup com-
parisons were performed using the Fisher multiple com-
parison test. The results obtained are presented in tables
as geometric mean and its 95% confidence interval. Dif-
ferences were considered statistically significant at p
<0.05.

The relationship between the hormonal value of the
animals in the second and third groups and the pharma-
cokinetic parameters of fexofenadine was evaluated using
the Pearson correlation coefficient (Rs).

In addition, two-sided 90% confidence interval (CI)
was calculated for the ratio of the geometric means of the
pharmacokinetic parameters of fexofenadine to compare
the parameters after the exposure to those of intact ani-
mals (within groups), as well as 90% CI of the ratio of the
geometric means of the pharmacokinetic parameters of
fexofenadine after the exposure (rabbits of the third
group) to the parameters of animals after ovariectomy
(rabbits of the second group). According to U.S. Food
and Drug Administration, Center for Drug Evaluation
and Research the differences between pharmacokinetic
parameters are considered to be significant if the two-
sided 90% CI of their ratio is outside the range of 0.8—
1.25 (80—125%), since only a change of more than 25%
in pharmacokinetic parameters can lead to a change in
the pharmacodynamics of the drugs.

Results

Subjects (participants) of the study

All animals completed the study and were included
in the final analysis.

Main outcomes of the study

The concentrations of sex hormones (testosterone,
progesterone and estradiol) in the serum of animals from
the different groups did not differ before the beginning of
the experiment. After the “false surgery”, the hormonal
status of the rabbits did not change significantly through-
out the entire experiment.

In animals in the second group (ovariectomy only),
there was a significant decrease (29.7%, p = 0.028) of es-
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tradiol level on Day 42 after surgery (Figure 1), as well as
a decrease in the level of progesterone by 30.9% (p =
0.028) on Day 14 of the experiment, 54.9% (p = 0.028)
on Day 28 and 48.7% (p = 0.028) at Day 42 (Figure 2)
compared to the baseline.

In rabbits of the third group (administration of estra-
diol and progesterone after the ovariectomy), the con-
centration of estradiol throughout the entire experiment
was not significantly different from the baseline (before
ovariectomy) and exceeded the values for the rabbits in
the second group (ovariectomy only) on Day 42 of the
experiment by 62.3 % (p = 0.004) (Figure 2). The level of
progesterone decreased by 46.9% (p = 0.028) on Day 14
of the study , by 88.1% (p = 0.028) on Day 28, and it in-
creased by 168.5% (p = 0.046) on Day 42. During this
period, the concentration of progesterone in animals of
the third group exceeded the values for animals in the
second group by 500.0% (p = 0.002).

The changes in concentration of testosterone were
not significant in animals of all study groups throughout
the experiment.

The functional activity of Pgp was evaluated based on
the pharmacokinetics of its marker substrate, fexofena-
dine. Fexofenadine does not undergo biotransformation
and its pharmacokinetics depends on this transporter
protein. The accumulation of fexofenadine in rabbits (in-
crease in C__and AUC, ), and a decrease in its excretion
(decrease in Cl), indicate a decrease in the functional ac-
tivity of Pgp in the body, and the opposite changes in val-
ues indicate the increase in Pgp activity.

The pharmacokinetic parameters of fexofenadine in
animals of different groups did not differ prior to the start
of the experiment (Table 1).

In the group of animals which underwent false sur-
gery, the pharmacokinetic parameters of fexofenadine
did not differ significantly compared to the baseline val-
ues throughout the experiment, which indicates that
there was no change in Pgp activity in the body.

In animals from the second group (ovariectomy only)
on Day 14 after the surgery the following changes com-
pared to the baseline were recorded: 1.61-fold increase in
fexofenadine C__ (90% CI 1.09, 2.38, p = 0.039), 1.56-
fold increase in AUC , (90 % CI 1.08, 2.24, p = 0.05),
and 0.325-fold decrease in Cl (90% CI 0.12, 0.95, p =
0.036). On Day 28 there was a 0.52-fold decrease in Cl
(90% CI1 0.31, 0.87, p = 0.07) compared to the baseline.
On Day 42 there was 2.43-fold increase in C___of fexof-
enadine (90% CI 1.87, 3.15, p = 0.0008), 2.24-fold in-
crease in AUC_, (90% CI 1.53; 3.28, p = 0.0017), and
0.37-fold decrease in C1 (90% CI 0.17, 0.82, p = 0.06)
(Table 1) compared to the baseline values. The data ob-
tained indicate the accumulation of fexofenadine in rab-
bits and slowing of its excretion, which reflects a decrease
in the functional activity of Pgp. The maximum and clin-
ically significant differences (90% CI of the ratio of the
geometric means of pharmacokinetic parameters of
fexofenadine in animals subjected to ovariectomy com-
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Figure 1. The concentration of estradiol in the sera of rabbits after
ovariectomy and the subsequent administration of a combination of
estradiol and progesterone. The data are presented as a median, up-
per and lower quartiles.

Note: 1 - ovariectomy group, 2 - group of animals that received a combination of
estradiol and progesterone after ovariectomy. * - p <0.05 in comparison with the
value for intact animals (norm), # - the same when compared with the values for
animals of the ovariectomy group.
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Figure 2. The concentration of progesterone in the sera of rabbits
after ovariectomy and the subsequent administration of a combina-
tion of estradiol and progesterone. The data are presented as a me-
dian, upper and lower quartiles.

Note: Assignments as on Figure 1.

pared to the parameters of the intact animals, which fall
outside the 0.8—1.25 range) were recorded on the Day 42
after the operation.

In animals of the third group (administration of es-
tradiol and progesterone after the ovariectomy) Cl of
fexofenadine decreased 0.62 fold (90% CI10.45,0.86,p=
0.024) on Dayl4 after ovariectomy, compared to the
baseline values. On Day 28 (Day 14 after the initiation of
estradiol administration), AUC, of fexofenadine in-
creased 1.4-fold (90% CI 1.16, 1.7, p = 0.038), and CI
decreased 0.5-fold (90% CI 0.4, 0.64, p = 0.042). On
Day 42 of the experiment (Day 14 after the initiation of
estradiol administration and Day 14 after the initiation of
the administration of the combination of estradiol and
progesterone), C_ decreased 0.73-fold (90% CI 0.56,
0.96, p = 0.041) and AUC_, decreased 0.618-fold (90%
C10.46, 0.83, p = 0.044).

The observed changes in the pharmacokinetics of
fexofenadine point to its accumulation and slowing of its

PROBLEMS of ENDOCRINOLOGY 2018;64(3):144-150

147



OPUTMHAABHAS CTATBA

DOI: http://dx.doi.org/10.14341/probl9545

Pharmacokinetic parameters of fexofenadine in ovariectomy and administration of a combination of estradiol and progesterone

Dates of the experiment

Baseline Day 14 Day 28 Day 42
C, ., ng/ml Ovariectomy 276.46 44597 409.23 671.55
(175.03; 436.67) (322.8;616.07)* (222.85;751.47) (344.9; 1307.5)*
Estradiol + progesterone 352.06 366.75 467.82 258.33
(247.49; 500.81) (252.83; 532.00) (414.49; 528.00) (196.08; 340.34)*#
AUC, , Ovariectomy 3198.09 4977.98 3852.71 7169.97
ng*h/ml (1883.65; 5429.77) (3338.49; 7422.59)* (2451.45; 6054.95) (3840.12; 13387.2)*
Estradiol + progesterone 3491.2 3757.87 4904.0 2157.73
(2680.56; 4547.08) (2551.21; 5535.26) (4282.64; 5615.61)*  (1659.80; 2805.03)*#
ClL 1/h Ovariectomy 16.17 5.26 8.42 6.04
(9.25; 28.27) (1.59; 17.41)* (5.75; 12.33)* (2.49; 14.62)*
Estradiol + progesterone 14.72 9.13 7.44 19,25
(10.51; 20.62) (5.81; 14.34)* (5.15;10.77)* (10,45; 35,49)#

Notes: *, P <0.05 when compared with the baseline, # - the same when compared with the marys! in the ovariectomy group. The parameters are represented as the

geometric mean and its 90% confidence interval.

excretion during 28 days of the study, i.c., to inhibition of
Pgp. The decrease in fexofenadine levels in rabbits after
the administration of the combination of estradiol and
progesterone over 14 days compared with the baseline
values reflects the induction of the transporter protein.
When comparing the pharmacokinetic parameters of
fexofenadine in animals of the second and third groups
over 28 days, no significant differences were revealed. On
Day 42, the C___of fexofenadine was 0.385-fold lower in
animals of the third group than in the rabbits of the sec-
ond group (90% CI 0.23, 0.64, p = 0.031), AUC_, was
0.30-fold lower 90% CI 0.19, 0.49, p = 0.016) and CI was
3.19-fold higher (90% CI 1.49, 6.81, p = 0.009).

Additional endpoints of the study

Correlation analysis in the second group revealed a
direct relationship between the concentration of proges-
terone and the total clearance of fexofenadine (Rs =
0.536, p = 0.007), whereas the concentration of estradiol
showed no association with any of the pharmacokinetic
parameters studied.

In the third group, the inverse relationship was ob-
served between the concentration of progesterone and
C, . (Rs=-0.435,p=0.034 and AUC_, (Rs=-0.497, p
= 0.014) of fexofenadine, and between the concentration
of estradiol and C__of fexofenadine (Rs = -0.388, p =
0.061). The dependence between the concentration of
progesterone and CI of fexofenadine (Rs = 0.733, p =
0.00024) was found to be direct.

Adverse events

No deaths were recorded during the course of the
study.

Discussion

Summary of the main outcome of the study

Starting with Day 14 after ovariectomy, the func-
tional activity of Pgp at the level of the whole organism

decreases and reaches its minimum on Day 42 after the
operation. Given the absence of significant changes in
the concentration of estradiol in the first 28 days, the de-
crease in the activity of the transporter protein during this
period is most likely due to the decrease in the level of
progesterone, which is confirmed by the correlation be-
tween the concentration of progesterone and the total
clearance of fexofenadine. The greatest decrease in Pgp
activity was observed on Day 42 day of the study, when
the levels of both estradiol and progesterone decreased.

Administration of 0.5 mg of estradiol for 14 days after
ovariectomy did not significantly affect the functional ac-
tivity of Pgp; it remained below the baseline and did not
differ significantly from that of the animals of the second
group. The administration of a combination of estradiol
and progesterone for 14 days increased Pgp activity com-
pared not only with the parameters of the second group,
but also with the initial values. We believe that the ad-
ministration of a combination of hormones results in
normalisation of the level of estradiol (it does not differ
significantly from the norm), and an increase in the con-
centration of progesterone.

Discussion of the main outcomes of the study

The revealed changes in Pgp activity are consistent
with the data obtained earlier on its lower activity in male
rabbits compared to females [13]. Apparently, one of the
reasons for gender differences in the functional activity of
the transporter protein is the stimulating effect of estra-
diol and progesterone on its functional activity.

The effect of estradiol and progesterone on Pgp activ-
ity can cause variability in the pharmacokinetics of sub-
strates of the transporter protein in women [8]. However,
we have not found any studies in which the relationship
between safety and efficacy of pharmacotherapy with Pgp
substrates and the menstrual phase have been studied.

The functioning of Pgp can change as a result of di-
rect influence substances on its activity, or as a result
changes in the expression of MDRI, the gene that en-
codes the protein-transporter [1]. The effect of sex hor-
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mones in physiological (relatively low) concentrations on
the transporter protein is most likely due to a change in its
expression.

The putative estrogen response element is found
above the transcription initiation site [ 14] in the TRANS-
FAC database, but not in the promoter of the MDRI
gene. However, binding sites for AP-1 transcription fac-
tor have been identified, which indicates the possibility of
the mediated effect of estradiol on Pgp expression. Es-
trogens reduce the expression of the c-Jun protein, which
is the main component of AP-1. Increased c-Jun expres-
sion is associated with the suppression of MDR1 gene ex-
pression in various human cell lines [16].

An experiment with T47D cells transfected with the
promoter of mdrlb gene showed that at a physiological
concentration of 5xX107 M the agonist of the progester-
one receptors R5020, acting through the progesterone
receptor PR,, stimulates the expression of the gene en-
coding Pgp in the uterus of mice [17].

Estrogens and gestagens at high concentrations (10
uM) are also able to act as typical xenobiotics through
other types of nuclear receptors, such as the X-receptor
(PXR) [18,19], which increases the expression of the
MDRI gene [20].

Limitations of the study

Pgp expression in organs and tissues has not been
studied as part of this project, which does not allow one
to unequivocally answer the questions: what causes the
changes in the functioning of the transporter protein
(modulation of expression or actual activity), and also in

ORIGINAL RESEARCH ARTICLE

which specific organs the modulation of Pgp activity (in-
testine, kidneys , liver) leads to a change in the pharma-
cokinetics of its marker substrate, fexofenadine.

Further research in this area will allow to establish
organ-specific molecular mechanisms of the change in
the functioning of this transporter protein in different
phases of the menstrual cycle.

Conclusion

In rabbits, ovariectomy leads to a decrease in the
functional activity of Pgp; administration of estradiol
(0.5 mg) starting from Day 14 after the surgery does not
affect the activity of the transporter protein, and the sub-
sequent use of a combination of estradiol (0.5 mg) and
progesterone (5 mg) for 14 days increases Pgp activity.

The dependence of the function of the transporter
protein on the physiological fluctuations in the concen-
trations of estradiol and progesterone suggests that the
efficacy and safety of pharmacotherapy with Pgp sub-
strates may differ in different phases of the menstrual cy-
cle, which requires correction of dosage depending on
the phase of the cycle.
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