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OI'bOY BO Pszanckuii rocy1apCTBEHHbI MEIUITUHCKUNA YHUBEPCUTET
M. akan. M.II. [TaBnoBa Munsznpasa Poccuu, Ps3ans, Poccust

I'muxonpotenn-P (Pgp, ABCB1-6enok) — MmeMOpaHHBIIl Oel0K-TpaHCIIOPTEp, UTPAIOLIUi
KIIIOYEBYIO pOJIb B (papMaKOKHMHETHUKE IIUPOKOTO CIIEKTpa JeKapcTBeHHBIX BemiecTB. CybOcTpa-
TaMHU JAHHOTO TpaHCIOPTepa SBIAETCS psAl IpernapaToB (aHTUOAKTepUaIbHbIE, aHTUPETPOBH-
pPyCHBIC, TUIIOTEH3UBHBIC), KOTOPHIE TpeOyeTcs Ha3Ha4YaTh OCPEMECHHBIM >KCHINWHAM JTHTEI b-
HBIMU KypCaMH, UHOTJa Ha MPOTSHKEHUU BCEro cpoka recraiuu. Ilens. 3yduth akTUBHOCTH
Oenka-Tpancrnoprepa Pgp Ha ypoBHE 1IEIOCTHOTO OpraHM3Ma y CaMOK-KPOJIUKOB MOpobl «Co-
Berckas lllunmmunna» Bo Bpems OepemeHHOCTH. Mamepuansvt u memoost. ViccienoBanue Bbl-
nojiHeHo Ha 21 kponuke-camke mopojbl «CoBetrckas [lunmmunna» maccoit 3000-3500 r. XKu-
BOTHBIEC ObLIH pa3zescHbl Ha 3 cepun. [lepBas cepus (N=6) — KpoJauKHu Ha 7 CYT. OEPEMEHHOCTH;
BTOpas cepus (N=5) — )KUBOTHBIC Ha 14 cyT. OepeMeHHOCTH; TpeThs cepusi (N=10) — kposuku Ha
21 cyt. GepemeHHOCTH. 3a 7 CyT. O Hayaja HUCCIEJOBaHUS U B YKa3aHHbIE CPOKH T'eCTaI[UU
MIPOBOJINIIN OLIEHKY (YHKIIMOHAJIbHOW akTUBHOCTU PQp mo gapMakoKMHETHKE MapKepHOTro cyO0-
cTpara TpaHcrnopTepa — ¢ekcodeHaanHa mociae ero OAHOKPATHOIO MEepOpabHOIO BBEIEHUS B
no3e 67,5 MI/KT Macchl M ONpe/leJIeHUE CHIBOPOTOUHBIX KOHIIEHTpAIMi MporecTepoHa, 3CTpa-
JM0J1a, TECTOCTEPOHA U MPOJIAKTHMHA PAaJUOMMMYHHBIM MeToJioM. Pe3ynsmamui. Bo Bce uzy-
JaeMble CPOKH OEPEMEHHOCTH CHIBOPOTOYHASI KOHIIEHTPAIIHS ICTPaaAN0Iia, TECTOCTEPOHA U TIPO-
JAKTHHA Y CAMOK KPOJUKOB CTaTUCTUYECKU 3HAUMMO HE OTIMYalach OT MoKa3aTeneil mo Oepe-
MEHHOCTH, @ YPOBEHb MPOreCTEPOHA B CHIBOPOTKE KPOBU 3HAUMMO MOBBIIIAJICS 10 CPABHEHUIO C
ypoBHeM HOpMBI. Ha 7 cyT. 6epemMeHHOCTH (papMakoKHHETHYECKHE MapaMeTphl ¢pekcodenannna
JIOCTOBEPHO HE M3MEHSUIMCh 110 CPABHEHUIO ¢ UCXOAHBIMU 3HaueHusiMu. Ha 14 cyT. 6epemenHo-
CTH OTMEYAJIOCHh OCTOBepHOE MOBBITICHUE Crax, AUCo.t, T1/2 pekcodenanmaa mo cpaBHEHUIO C
napamMeTpamMu 10 0epeMEHHOCTH, YTO CBUJIETEIHCTBYET O CHIKEHMHM (YHKIIMOHATHHOW aKTHB-
Hoctu Pgp Ha ypoBHe nenoctHoro opranusma. Ha 21 cyr. 6epeMeHHOCTH OCTaBajiach MOBBI-
meHHOU Cmax pexcodenaauua. OcTanbHble papMaKOKUHETUYECKHE MapaMeTphl TOCTOBEPHO HE
U3MEHSUTHCH. Bb1600. YCTaHOBJIEHO CHIKEHUE (DYHKIIMOHATBHON aKTUBHOCTH TIIMKOMPOTEHUHA-
P, onpenensiemoit mo papMakKOKHHETHKE €r0 MapKepHOTO cybcTpara — gekcodeHaanua, y Kpo-
nukoB nopobl «CoBetrckas [lunmmnna» Ha 14 u 21 cyTku GepemMeHHOCTH Ha (OHE 3HAYUTENb-
HOT'O MOBBIIICHUS] YPOBHS IPOTE€CTEPOHA.

Knroueewie cnosa: enuxkonpomeun-P, ABCBl-6enok, ¢hynkyuonanvuas akmusHocms, bepe-
MEHHOCMb, NPO2ECMEPOH.
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P-GLYCOPROTEIN FUNCTIONAL ACTIVITY IN «SOVIET CHINCHILLA»
RABBITS DURING PREGNANCY

N.M. Popova, A.V. Shchulkin, I1.V. Chernykh, A.S. Esenina,
M.M. Gradinar, L.V. Nikiforova, A.N. Ryabkov, E.N. Yakusheva

Ryazan State Medical University, Ryazan, Russia

P-glycoprotein (Pgp, ABCB1-protein) is a membrane transporter protein that plays the key
role in pharmacokinetics of drugs with a broad spectrum of action. Substrates of this transporter
are some medical drugs (antibacterial, antiretroviral, hypotensive) that are prescribed to pregnant
women for long-term intake, sometimes throughout the whole gestation period. Aim to study the
activity of Pgp on the organism level in rabbits of Soviet Chinchilla breed in pregnancy. Mate-
rials and Methods. The study was performed on 21 Soviet Chinchilla female rabbits (3000-3500
g). The animals were divided into 3 series. The first series (n=6) included rabbits with 7 days of
pregnancy; the second series (n=5) — animals with 14 days of pregnancy; the third series (n=10) —
rabbits with 21 days of pregnancy. 7 Days before the study and in the indicated gestation periods,
functional activity of Pgp was assessed by the pharmacokinetics of marker transporter substrate —
fexofenadine, after its single oral introduction (67.5 mg/kg). Besides, serum concentrations of
progesterone, estradiol, testosterone and prolactin were determined by radio immune method. Re-
sults. In all the studied gestational periods, serum concentrations of estradiol, testosterone and
prolactin did not significantly differ from those before pregnancy, but the level of progesterone in
blood serum was significantly elevated above the norm. On the 7" day of pregnancy pharmacoki-
netic parameters of fexofenadine did not show any reliable changes as compared to the initial val-
ues. On the 14™ day of pregnancy a reliable increase in Cmax, AUCo., T, Of fexofenadine was
noted as compared to the parameters before pregnancy, which indicates a decrease in Pgp func-
tional activity on the organism level. On the 21% day of pregnancy Cnmay Of fexofenadine remained
elevated. Other pharmacokinetic parameters of fexofenadine did not show reliable changes. Con-
clusion. Reduction in Pgp functional activity, determined by the pharmacokinetics of its marker
substrate (fexofenadine), was noted in rabbits of Soviet Chinchilla breed on the 14™ and 21 days
of pregnancy with the underlying significant increase in progesterone level.

Keywords: P-glycoprotein, ABCB1-protein, functional activity, pregnancy, progesterone.

One of most important issues of clinical drugs administered to pregnant women for
pharmacology is pharmacotherapy in preg- prolonged intake and sometimes throughout
nancy. By the data of international research, the whole period of gestation. Pgp substrates
more than 80% of women were taking at least used in pregnant women include some anti-
one medical drug in pregnancy [1]. bacterial (erythromycin, azithromycin, cefa-

P-glycoprotein (Pgp, ABCB1-protein) zolin, cefoperazon), antiviral (sacvinavir, ri-
IS @ membrane transporter protein which tonavir, indinavir), hypotensive (atenolol, ni-
plays an important role in the pharmacokinet- fedipine, amlodipine) drugs [2].
ics of a wide range of medical drugs that are Pgp may considerably change its activi-
its substrates. It regulates their absorption in ty of under action of external and internal fac-
the intestine, penetration across histohematic tors including hormones [3-5]. It is known
barriers including placental one, and its excre- that during pregnancy the organism under-
tion by the liver and kidneys [2]. Of note, the goes significant hormonal restructure accom-
substrates of this transporter are medical panied by buildup of serum concentrations of
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sex hormones [6] which suggests a change in
the functioning of Pgp in an organism of a
pregnant woman.

In the literature we found only studies
of activity of the transporter and of expres-
sion of ABCB1 (MDR1) gene coding for Pgp,
in the hematoplacental barrier in different
gestation periods. Functioning of the trans-
porter in the placenta prevents penetration of
its substrates from mother to fetus, therefore
its study is important for assessment of safe-
ty and effectiveness of the used medical
drugs in relation to fetus. However, the gen-
eral dynamics of Pgp activity in an organism
of a pregnant woman may lead to a consider-
able alteration of pharmacokinetics of the
administered substrates. Thus, reduction in
the functional activity of the transporter may
result in accumulation of its substrates in an
organism of a pregnant woman and to devel-
opment of an undesired reaction to the medi-
cal drugs both in mother and fetus, and in-
crease in the functional activity leads to re-
duction in the concentration of the medical
drugs and in the effectiveness of the con-
ducted pharmacotherapy.

The aim to study the activity of Pgp
transporter protein on the level of the whole
organism in pregnant female rabbits of Soviet
Chinchilla breed.

Materials and Methods

The work was conducted on 21 female
rabbits of Soviet Chinchilla breed with 3000-
3500 g mass. The animals were received from
the nursery OAO Kasimov-Miacro and had
the respective veterinary certificates, and
were kept in standard conditions of the
vivarium of Ryazan State Medical University.
The animals were handled in compliance with
the rules of Good Laboratory Practice (Order
of HM RF Ne199w of 2016 Apr 1).

All animals were divided to 3 series.
The first series (n=6) were animals of 7-days
pregnancy; the second series (n=5) — animals
of 14-days pregnancy, the third series (n=5) —
animals of 21-days pregnancy.

7 Days before the study and in the men-
tioned gestation periods, in all animals func-
tional activity of Pgp and serum concentration

of hormones (progesterone, estradiol, testos-
terone and prolactin) were determined by a
radioimmune method using standard IMMU-
NOTECH test-system (Czechia). The ob-
tained results were processed on Immunotest
analyzer (Russia).

The first day of pregnancy was consi-
dered to be the first day after mating with a
male rabbit. Into the final analysis only those
female rabbits were included whose pregnan-
cy ended in deliveries.

Functional activity of Pgp was assessed
by pharmacokinetics of fexofenadine (Allegra,
Sanofy Aventis, France) after its single
peroral introduction at the dose 67.5 mg/kg in
aqueous suspension (5 mL/rabbit) according
to the method described by us earlier [7,8].

Using non-compartmental method [9],
the following pharmacokinetic parameters of
fexofenadine were calculated: Cpax — maximal
concentration (ng/mL), AUCy; — area under
pharmacokinetic curve concentration-time from
zero to the moment of the last blood sampling
(ng*h/mL); Ty, — half-life period, h. Concen-
tration of hormones (progesterone, estradiol,
testosterone, prolactin) in blood serum was
determined in Central Scientific Research La-
boratory of Ryazan State Medical University.

The obtained results were processed us-
ing Stat Soft Statistica 7.0 program (the
USA). The statistical significance of differ-
ences between the parameters of hormonal
status of the animals was determined using
Wilcoxon test. The results were presented in
the form of median (Me), upper (uq) and low-
er quartiles (lg). Statistical significance of dif-
ferences between pharmacokinetic parameters
of fexofenadine was assessed on the basis of
log-normal redistribution of data. Comparison
of the studied pharmacokinetic parameters
was carried out using dispersion analysis
(ANOVA) after taking their logarithms. The
obtained results (pharmacokinetic parameters)
were presented in the form of tables as the
mean arithmetic and its 95% confidence in-
terval (CI). The differences were considered
statistically significant at p<0.05.

Additionally, two-sided 90% CI of the
ratio of geometric means of fexofenadine
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pharmacokinetic parameters in the studied
gestation age to the parameters of intact ani-
mals (before pregnancy) was calculated. Ac-
cording to U.S. Food and Drug Administra-
tion, Center for Drug Evaluation and Re-
search, the differences between pharmacoki-
netic parameters were considered significant
if the two-sided 90% CI of their ratio was
beyond 0.8-1.25 (80-125%) range, since a
change in the pharmacokinetic parameters by
only more than 25% might result in changes of
the pharmacodynamics of the drugs.
Results and Discussion
In all the studied gestation periods, the

serum concentration of estradiol, testosterone,
and prolactin in female rabbits of Soviet
Chinchilla breed did not show statistically
significant differences from the parameters
before pregnancy.

At the same time the level of progeste-
rone in blood serum increased on the 7" day
of pregnancy 6.06 times (p=0.017), on the
14" day — 11 times (p=0.001), and on 21 day
— 18.8 times (p=0.001) as compared to the
norm (Tab. 1).

Throughout pregnancy changes in the
pharmacokinetic of Pgp marker substrate —
fexofenadine — were noted (Tab. 2).

Tablel
Serum Concentrations of Hormones in Female Rabbits
in Different Gestation Age (Med, g, uq)
Studied Periods of Experiment
Parameters 7" day 14" day 21% day
norm n=6 norm n=5 norm n=10
0.675 4.09 0.79 8.69 0.39 7.33
Progesterone, ng/mL (0.383;1.29) | (3.35:5.09)% | (0.47;1.96) | (8.19;9.65)* | (0.17:1.02) | (6.2;8.55)*
. 256.0 352.7 2959 314.83 253.46 208.08
Estradiol, pg/mL (247.25,434.0) | (312.9;473.1) | (254.1;483.1) | (247.2;406.7) | (241.04;33593)| (183.13; 251.75)
0.8 1.28 0.78 1.08 0.76 1.35
Testosterone, nmol/L (0.69:1.74) | (0.99;1.74) | (0.66;1.74) | (0.95;1.78) | (0.62;0.8) (0.62; 1.35)
: 2455 2091 2258 19.1 20.6 19.7
Prolactin, miU/mL (17.88;26.21) | (1561;22.43) | (165;25.23) | (18.4;23.4) | (15.15;24.55) | (16.36;24.54)

Note: * — statistically significant differences from the initial parameters (norm), p<0.05

Table 2

Pharmacological Parameters of Fexofenadine in Female Rabbits in Different Gestation Age
(the geometric mean and its 90% ClI)

Studied Periods of Experiment
Parameters - = :
7"day 14" day 21% day

norm n=6 norm n=5 norm n=10

C na/mL 198.18 233.32 139.04 329.13 216.58 424.47
max; NG (121.89; 322.20) | (109.88; 495.44) | (89.13; 216.88) |(161.68; 670.02)*| (141.64; 331.15) |(247.02; 729.39)*

AUC... na/mL*h 2054.97 2085.94 1107.11 2777.07 1841.29 2499.49
o NG (1127.67; 3744.82)|(1230.51; 3536.06)| (570.18; 2149.65) |(840.69; 9173.43)*|(1162.62; 2916.11)|(1594.07; 3919.17)

T h 9.17 18.24 8.45 25.70 5.44 9.72

12, (2.34; 35.89) (5.28; 62.96) (4.14;17.24) | (10.62;62.22)* | (2.48;11.96) | (4.94;19.12)

Note: * — statistically significant differences from the initial parameters (horm), p<0.05
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On the 7™ day of pregnancy pharmaco-
kinetic parameters of fexofenadine did not
show any reliable changes compared to the
initial value.

On the 14™ day of pregnancy Cpax in-
creased 2.37 times (90% CI 1.38; 4.05,
p=0.027), AUCy.; — 2.51 times (90% CI 1.48;
4.24, p=0.02), Ty, — 3.04 times (90% CI 1.56;
5.91, p=0.023) as compared to the values be-
fore pregnancy.

On the 21% day of pregnancy Cpax Of
fexofenadine remained elevated and 1.96
times exceeded the parameters before preg-
nancy (90% CI 1.22; 3.14, p=0.029). All the
rest pharmacokinetic parameters did not show
any reliable changes.

Since pregnancy in rabbits lasts 28-35
days [10], the hormonal status and activity of
P%p transporter protein were assessed on the
7™ 14"and 21 days.

Fexofenadine is a marker substrate of
Pgp therefore its pharmacokinetics is mostly
determined by functioning of this transporter
protein. Absence of changes in the pharmaco-
kinetic parameters of fexofenadine on the 7™
day of gestation indicates preservation of the
initial activity of Pgp. Increase in Cmax, AUCo.,
Ty, of fexofenadine on the 14" day of preg-
nancy and increase in Cpa ON the 21°% day
indicate increase in the concentration of the
drug in rabbits’ organism, and, consequently,
reduction in the activity of the transporter in
the given gestation periods.

Since concentration of estradiol, testos-
terone, prolactin in blood serum of pregnant
rabbits did not undergo any reliable changes,
inhibition of the activity of Pgp was probably
due to a considerable increase in the concen-
tration of progesterone in pregnancy.

In some in vitro experiments progeste-
rone showed dose-dependent influence on ex-
pression of MDR1 gene coding for Pgp, and on
activity of the transporter: in high concentra-
tions it inhibited Pgp activity, and in low con-
centrations induced expression of MDR1gene
and activity of the transporter [11-13].

In research on rabbits it was found by
us that introduction of progesterone at the dose
2 mg/rabbit with ovariectomy led to increase

in the functional activity of Pgp in comparison
with parameters of the animals subject to ova-
riectomy alone, however, activity of the trans-
porter remained decreased in comparison with
the data before the operation. Use of progeste-
rone at the dose 15 mg/rabbit with ovariecto-
my increased functional activity of Pgp in
comparison with castrated rabbits and recov-
ered it to the level of intact animals [5]. Induc-
ing influence of progesterone on the transpor-
ter protein in this experiment was due to its
low concentrations in serum.

However, in the given research the level
of progesterone in pregnant female rabbits
considerably exceeded the parameters of ani-
mals with ovariectomy and with introduction
of exogenous progesterone both at a low and
high dose, that was probably the cause for
inhibitory influence of steroid on Pgp. It
should be noted that in animals with ovariec-
tomy only the level of progesterone was re-
placed, and the level of estradiol remained
low, while in pregnancy the transporter was
influenced by both progesterone in high con-
centrations and by estradiol.

Functioning of Pgp may change both in
result of direct influence on the transporter
protein, and due to modification of expression
of MDR1 gene [3].

In this experiment, no study of expres-
sion of Pgp in organs and tissues of pregnant
rabbits was conducted, so it is impossible to
show what caused the change in the function-
ing the transporter protein (modulation of the
expression of gene or its own activity). Be-
sides, it is essential to identify the organ (in-
testine, kidneys, liver, hematoplacental bar-
rier) in which a change in the activity of Pgp
led to dynamics of pharmacokinetic parame-
ters of fexofenadine.

Further studies of Pgp transporter pro-
tein in pregnancy will permit to identify orga-
nospecific molecular mechanisms of modula-
tion of its functioning in different gestation
periods.

Conclusion

Reduction in the functional activity of
glycoprotein-P in rabbits of Soviet Chinchilla
breed was found on the 14™ and 21% day of
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pregnancy determined by pharmacokinetics
of its marker substrate fexofenadine, with the

underlying considerable increase in the level
of progesterone.
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