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The investigation of pharmacokinetics of marker substrates of carrier protein P-glycoprotein (Pgp, ABCB1-protein) including fexofenadine, is
one of the methods of its functional activity evaluation.

The aim of the study was to work out the HPLC methods of the quantitative determination of fexofenadine in rabbits’ liver.

Materials and methods. The quantitative determination of fexofenadine was performed using Stayer chromatographic system (Akvilon, Rus-
sia) with UVV 104 ultraviolet detector. Reverse-phased chromatographic column Luna €18 100A (250*4.6) was used with 5 pm granulation
at 45°C. The concentration of fexofenadine was determined by methods of absolute peak area calibration.

Results. The work was conducted in the isocratic mode. The composition of the mobile phase consisted of deionized water, acetonitrile and
glacial acetic acid at the ratio of 267.4:120:4.33 brought to pH=6.7 with triethylamine.

The sample processing was in the form of homogenization of 500 mg of ground liver in 500 pl of purified water with the subsequent centrifu-
gation (1750 g) and selection of the supernatant. The proteins were precipitated by acetonitrile (2.5 ml) acidified with 375 pl of hydrochloric
acid by shaking at 500 rev/min.

The supernatant was transported into a separate test tube, where methylene chloride, diethyl ether and ethyl acetate were added (2 ml
each). Then the solution was again shaken for 10 minutes (500 rev/min). After that, the solution was centrifuged (1750 g) and the superna-
tant was evaporated on a rotor-vacuum evaporator at 50°C. 300 pul of the mobile phase was added to the dry residue, and 100 pl was injected
into the chromatograph.

The method was validated in the linear range from 3 to 60 pg/g of fexofenadine with the acceptable intra- and intercycle accuracy, precision
and stability. The method was tested on rabbits after the intravenous administration of fexofenadine at the dose of 11 mg/kg.

Conclusion. The HPLC methods of fexofenadine quantitative determination in the hepatic tissue of rabbits has been worked out. It can be
used for the evaluation of the functional activity of Pgp in preclinical studies.
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UccnepoBaHne dpapmaKoKMHETUKM MapKepHbIX cybcTpaToB 6enka-TpaHcnopTepa rmnkonpotenHa-P (Pgp, ABCB1-6enka), K KOTOpbIM OTHO-
cutes dekcopeHauH, ABNAETCA OAHUM U3 CMOCOB0B OLLEHKM €ro GYHKLMOHANbHON aKTUBHOCTMY.

Lienb. PazpaboTka BIXKX-mMeToaMKM KonnyecTBeHHOro onpeaeneHms dekcopeHagmHa B ne4eHU KPOIMKOB.

Matepuansl n metogbl. KonnyectseHHoe onpeaeneHve GekcopeHaamHa OCyLLECTBAAAN C UCTI0Nb30BAHNEM XPOMATOrpadUYecKom CUcTeMbl
Stayer («AkBuIOH», Poccus) ¢ YO aetektopom UVV 104. MpumeHanm obpalueHHO-da3Hyo xpomaTtorpadpuyeckyto KonoHKy Luna C18 100A
(250*4,6) c 3epHeHUem 5 MKM npu TemnepaTtype 45°C. OnpeaeneHne KOHUEHTPaLMK dekcodeHaamnHa NpoBOAUAM METOAOM abCoNtOTHOM
KasIMBPOBKM NO NAOLLAAMN NUKOB.

Pesynbratbl. MccnesoBaHne NpoBOAMAN B M30KPATUYECKOM pexkume. CocTaB NoaBUXKHOW dasbl: BOAA AEUMOHU3NPOBAHHASA, aLLETOHUTPUA
M NeasHasn yKCycHas KMC/oTa B COOTHOWeEHUK 267,4:120:4,33, poBeaeHHble TpUaTUAaMmmnHom Ao pH=6,7. Mpo6onoarotosKa 3aknto4anach B
romoreHmsauum 500 mMr n3menbyeHHo neveHr 8 500 MK BOAbI OYMLLEHHOW C nocneayrowmm ueHtpudyruposaHmem (1750 g) n otbopom
HaA0Caf04HOM KuaKocTU. OcaxaeHune beska ocyLecTBAANOCh aLETOHUTPUAOM (2,5 MA), NOAKUCAEHHbBIM 375 MK/ KUCNOTbI X/I0PUCTOBOO-
poAHOI NMyTeM BCTpAXMBaHWUA Ha npubope Shaker (500 06./muH). HagocagouHbI cnoi nepeHocan B OTAENbHY0 NPo6bUpKy, 406aBAsM NO
2 M1 METU/IEHA X/IOPUCTOTO, 3bUpa AN3TUIOBOIO M 3TUNALLETaTa M NOBTOPHO BCTPAXMBaiM 10 muH (npu 500 06./muH). 3aTem ueHTpudyrupo-
Banu (1750 g) 1 ynapvBanu cynepHaTaHT Ha POTOPHO-BakyymMmHoM ucnaputene npu 50°C. K cyxomy octatky aobasnsanv 300 MKA NOABUMKHOMN
dasbl 1 100 MK/ MHKEKTUPOBaAKU B xpomatorpad. MeToz 6bi1 BaMaMposaH B IMHeHOM AuanasoHe ot 3 go 60 MKr/r dekcodbeHaamHa ¢
NPMEMIEMON BHYTPU- U MEXLIMKIOBOM TOYHOCTbIO, MPELIM3NOHHOCTBIO U CTabuabHOCTbIO. MeToamnKa 6bl1a anpobupoBaHa Ha KposnKax
noc/ie BHYTPMBEHHOTO BBeAEHMA UM dekcodeHaamHa B gose 11 mr/Kr maccbl.

3akntoueHue. PaspaboTtaHa BIKX-meToamKa KOMYECTBEHHOTO onpeaeneHna dekcopeHamHa B TKaHU NEYEHU KPOIMKOB, KOTOPAA MOMXKET

MCMO0/Ib30BaTbCA AR OLEHKN GYHKLMOHANbHOM aKTUBHOCTM PEp B AOKNNHUYECKUX UCCNeA0BAHUAX.
Kntouesble cnosa: rmvkonpotenH-P, ABCB1-6enok, dekcodeHagmH, xpomatorpaduma, GapmMaKkoOKMHETUKA, KPOMKK, NEYEHb
CrMCcoK CoKpaLeHuit: Pgp — mukonpoTenH-P, BIMKX — BbicOKoadbeKTUBHAA MMUAKOCTHAsA XpomaTorpadus, 06./M1UH — 060pOTOB B MUHYTY

INTRODUCTION

P-glycoprotein (Pgp, ABCB1-protein) is an efflux
ATP-dependent membrane carrier protein that removes
exogenous and endogenous substances of the lipophilic
nature from cells into the intercellular space [1, 2]. Pgp
possesses a wide substrate specificity and transports a
range of medical substances: cardiac glycosides, hypo-
tensive, antiarrhythmic, antiepileptic drugs, anticoagu-
lants, cytostatics and other groups of drugs [3].

Being localized on the apical surface of enterocytes
of small and large intestines, this transporter prevents
absorption of the substrates in the endothelial cells of
histohematic barriers.

It prevents their penetration into the barrier organs,
on the biliary surface of hepatocytes and on the apical
surface of epitheliocytes of renal tubules. Pgp promotes
excretion of the substrates into bile and urine, respec-
tively [1, 4]. Thus, Pgp plays an important role in phar-
macokinetics of the drugs, which are its substrates: con-
trols their absorption, distribution and excretion.

Functioning of Pgp can differ under the influence of
many factors (hypoxic influences, hormonal level, drugs
consumption), which may induce the development of
undesired medical reactions in case of inhibition of the
transporter, or reduction of effectiveness of the conduct-
ed pharmaceutical therapy if its activity increases [5, 6].

A study of Pgp functional activity will permit to
optimize a medicinal treatment and to predict interac-
tions between medical drugs [7]. One of the evaluation
methods of Pgp functioning in vivo, is the examination of
pharmacokinetics of its marker substrates in dynamics
[6, 8]. A marker substrate is a substance, its pharmaco-
kinetics (absorption, distribution and excretion) is de-
termined by the tested carrier protein [6]. As a marker
substrate of Pgp, H -histaminolytic drug of the 3 gener-
ation — fexofenadine —is used.
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An HPLC method with UV detection is a universal
method of the quantitative analysis available at any lab-
oratory, in contrast to the method of mass-spectropho-
tometric detection. There are known HPLC methods of
fexofenadine concentration determination in blood plas-
ma and in the homogenate of the brain that are used
for testing a functional activity of Pgp at the level of the
whole organism and in the blood-brain barrier [9-13].
However, in the studied literature, no HPLC methods
of quantitative analysis of fexofenadine in the liver that
could make it possible to evaluate the activity of the
transporter of this localization and its role in the inter-
actions between drugs at the stage of excretion, have
been found.

THE AIM of the study was to develop the HPLC
methods for the quantitative analysis of the Pgp marker
substrate — fexofenadine —in the liver of rabbits.

MATERIALS AND METHODS

Animals

In the study, male rabbits of the Chinchilla breed
weighing 3200-3500 g were used. The animals had been
taken from the Kasimov-miacro breeding nursery (Ka-
simov, Ryazan region) and had the required veterinary
certificates. After delivery from the nursery, the animals
were examined by a veterinarian, kept in quarantine for
14 days, and after that they were placed to the convec-
tion vivarium of Ryazan State Medical University [14].

Each rabbit was kept in an individual cage on a lit-
ter for laboratory animals by lamplight with 12 daylight
hours. The temperature in the room was maintained at
22+1°C, the relative air humidity was 45—-65% [14]. The
animals were fed in correspondence with State Standard
P 50258-92. All the experiments with the animals were
conducted in compliance with the international rules
(Directive 86/609/EEC) and with the rules of Good Labo-
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ratory Practice (Order of Health Ministry of RF No.199H
dated 01.04.16).

The study protocol was considered and approved at
the meeting of Commission for control of management
and use of laboratory animals No.11 dated 28.01.2018.

The animals were euthanized by the overdose of zo-
letil (Zoletil 100, Virbac C.A., France) at the dose of 30
mg/kg. After that a sample of liver was taken. As a bio-
logical matrix, a homogenate of intact animals’ liver was
used, obtained from 6 different animals.

To test the used methods, the liver was extracted
i 5, 10, 15, 30, 60 minutes after the administration of a
fexofenadine solution (10 mg/ml) into the marginal vein
of ear in the quantity of 1.1 ml/kg (n=3 for each time
point). The preparation of the fexofenadine solution had
been described in detail before [11]. The liver samples
were kept in the frost chamber at —29°C.

Equipment

A quantitative determination of fexofenadine in the
liver homogenate was carried out using Stayer chro-
matographic system (Akvilon, Russia) with ultraviolet
spectrophotometric detector UVV 104 equipped with
a 100 pl loop injector PEEK and an autosampler 7725i
(Rheodyne, USA) with a 220 nm wavelength. A re-
versed-phase chromatographic column Luna C18 100A
(250*4.6) was used with 5 um graining at 45°C. The sam-
ples were injected to the chromatograph loop with Mi-
crosyringes (Germany).

In the work, the following auxiliary equipment was
used: Diax 9000 tissue grinder (Heidolph, Germany),
Elmi CM 6M centrifuge (Elmi, Latvia), Vodolei D301 de-
ionizer (Akvilon, Russia), VV-Micro rotor-vacuum evap-
orator (Heidolph, Germany), a device for shaking test
tubes Shaker S 3.01 (Elmi, Latvia), Vortex laboratory
medical shaker (Elmi, Latvia).

Materials

As a standard substance, fexofenadine hydrochlo-
ride was used (Sigma, Lot: RO32HO, USA having the qual-
ity certificate ensuring 99.2% content of fexofenadine
hydrochloride).

For the extraction of fexofenadine from the liver
gomogenate and preparation of the mobile phase, the
following reagents were used: acetonitrile “for HPLC”
(Merck, Germany), CP hydrochloric acid (Ekos-1, Rus-
sia), CP glacial acetic acid (Ekos-1, Russia), triethylamine
“for HPLC” (Lab-Skan, Poland), methylene chloride “for
HPLC” (Lab-Skan, Poland), ethyl acetate (Lab-Skan, Po-
land), diethyl ether (Lab-Skan, Poland), deionized water
obtained using Vodolei D301 deionizer (Akvilon, Russia).

Validation of Chromatographic Methods

Bioanalytical methods was validated according to
the guidelines for the expertise of medicine remedies,
the rules of medical drugs’ bioequivalence study within
the Eurasian Economic Union, EMA Guidelines on bio-
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analytical method validation, 2011 and FDA Guidance
for Industry: Bioanalytical method of validation (draft
guidance). U.S. Department of Health and Human Ser-
vices, Food and Drug Administration, Center for Drug
Evolution and Research (CDER). U.S. Government Print-
ing Office: Washington, DC, 2013, against the following
parameters: selectivity, a calibration curve (linearity),
accuracy, precision, the lower limit of the quantitative
determination, a sample transfer, stability of fexofena-
dine in the liver homogenate [15-17].

The content of fexofenadine in the homogenate of
rabbits’ liver was determined by a method of a peak
area absolute calibration. Calibration solutions were
prepared by adding the standard solution (100 pl) of the
substance to the mixture of 400 pl of water and 500 pg
(before homogenization) of the ground organ for obtain-
ing the samples with concentrations of 15, 60, 120, 180,
240 1 300 ul and, further on, with final concentrations of
3,12, 24, 36, 48 and 60 ug/g of the organ, respectively.

RESULTS AND DISCUSSION

Conditions of Chromatography

The study was conducted in the isocratic mode. The
composition of the mobile phase was the following: a
mixture of deionized water, acetonitrile and glacial ace-
tic acid at the rate of 267.4:120:4.33, brought to pH=6.7
with triethylamine. In these conditions, the flow rate
was 1.0 ml/min. and the retention time of fexofenadine
was 17.14+0.79 min.

Sample Processing

In the process of working out the HPLC methods of
guantitative analyses of the substances in the organs, it
was rather problematic to achieve a high degree of their
extraction from the cells, and the sample purity. It is very
important since a high content of ballast compounds
may lead to the contamination of the chromatograph-
ic column and considerably reduce the life of the pre-
column filter.

In the work, the sample processing used for ex-
traction of fexofenadine from the brain tissue of rats
[11] based on precipitation of bioorganic molecules in
the homogenate of the organ by addition of acetonitrile,
has been conducted right from the beginning. Despite
a high degree of the fexofenadine extraction from the
liver cells, the visual evaluation of the obtained sample
revealed a considerable turbidity of the solution, which
evidenced the presence of compounds of a high mole-
cular weight.

The methods of fexofenadine extraction from blood
plasma [10], which consisted in adding a mixture of
equal amounts of diethyl ether, methylene chloride
and ethyl acetate to the acidified plasma, also led to
obtaining a contaminated sample. Therefore, after the
attempts to purify it by centrifuging, a stage of precipita-
tion of proteins with acetonitrile had been added before
the extraction.
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Hay4HO-npakTu4eckuin xypHan

OAPMALMA N
OAPMAKOJOIUA

OPUTNHAJIbBHAA CTATbA
DOI: 10.19163/2307-9266-2020-8-1-40-47

In the course of the work, the extent of the fex-
ofenadine extraction from the liver homogenate, was
checked in conditions of acidic, neutral and alkaline
reactions of the medium. The most reproducible data
were obtained when the extraction of fexofenadine was
conducted from the acidified water-acetonitrile extract
with the use of the mixture of diethyl ether, ethyl ace-
tate and methylene chloride.

Further on, the extractability of fexofenadine from
the water-acetonitrile extract was tested with different
volumes of organic phases. The increase in the volume
to 6 ml, led to an insignificant increase in the extent of
fexofenadine extraction, therefore, a further increase
in the amount of the extracting agents, was irrational.
As a result, the following conditions of sample process-
ing appeared the most optimal ones. Homogenization
of 500 mg of the liver ground up with scissors, was con-
ducted in 500 pl of purified water at 26 000 rev/min on
Diax 9000 homogenizer within 1 min with subsequent
centrifuging at 1750 g and separation of the superna-
tant. Precipitation of proteins was carried out with ace-
tonitrile (2.5 ml) acidified with 375 ul of hydrochloric
acid by shaking it on a Shaker device at 500 rev/min
for 10 min.

The supernatant was transferred to a separate tube,
where 2 ml of methylene chloride, diethyl ether and eth-
yl acetate were added, with re-shaking of the solution
at 500 rev/min for 10 min. Then the solution was cen-
trifuged at 1750 g for 10 min and the supernatant was
evaporated on a rotary-vacuum evaporator at 50°C. The
extraction coefficient of fexofenadine was 42.4%. 300 pl
of the mobile phase was added to the dry residue, and
100 pl was injected into the chromatograph.

These conditions of sample processing permitted
to achieve a reproducible coefficient of fexofenadine
extraction, sufficient for the construction of calibration
curves and calculation of the main validation character-
istics of the methods.

Parameters of applicability

of chromatographic system

The number of theoretical plates were more than
3100, the peak asymmetry coefficient was not more
than 1.2.

Selectivity of chromatographic methods

The successive analysis of the sample with the con-
centration of fexofenadine equal to 60 pg/g and that of
the pure liver homogenate sample after the sample pro-
cessing, showed no peaks on the chromatogram of the
intact homogenate corresponding to the peaks of the
target substance by the retention time. The samples of
the obtained chromatograms are presented in Figure 1.
The coefficient of separation (resolution) of the fexofen-
adine peak and of the nearest peak of the coextractive

Tom 8, Beinyck 1, 2020

substances, was calculated as the difference between
the retention times of the mentioned peaks divided by
the sum of their widths at half heights. The parameter
was more than 2.

Calibration curve

To construct calibration curves, 6 standard fexofen-
adine solutions in the rabbits’ liver homogenate of the
following concentrations were prepared: 3, 12, 24, 36,
48 and 60 pg/g.

They were analyzed with the calibration graph con-
struction showing the dependence of the concentration
of a substance on the area of its chromatographic peak
(Fig. 2).

This procedure was conducted 3 times — before
each following stage of chromatography, which was
necessary, according to the recommendations [15-17].
The following regression equations were obtained:
y = 0.0086 + 1.425, R* = 0.9981; y = 0.0095 + 1.3598,
R?=0.9989; y =0.0092 + 1.1568, R* = 0.9995. Calibration
curves with their respective regression equations were
used for calculation of accuracy and precision between
the cycles in the given methods.

The correlation coefficients were more than 0.99.
The deviations of the concentrations of calibration sam-
ples from nominal values calculated using three levels of
linear dependence, are presented in Table 1.

Accuracy and Precision

Accuracy and precision were evaluated by the anal-
ysis of the samples of intact rabbits’ liver homogenate
with adding a standard fexofenadine solution to obtain
the concentrations of 3, 12, 24 and 48 ug/g.

The precision values (relative to the standard devi-
ation) and the accuracy values (a relative error) corre-
sponded to the accepted norms (not more than 20% for
the lower limit of the quantitative determination and
not more than 15% for other points) [15-17] (Table 2).

Lower Limit of Quantitative

Determination

The lower limit of the quantitative determination of
the methods was evaluated on the basis of linearity, ac-
curacy and precision. The lower limit of the quantitative
determination was assumed the minimal fexofenadine
concentration in the liver homogenate within the range
of linear dependence in which the substance can be
determined with accuracy and precision not more than
20%. The lower limit of the quantitative determination
of fexofenadine by this methods was 3 ug/g.

The signal/noise ratio based on the fexofenadine
peaks at the level of the lower limit, was not less than
10. The limit of fexofenadine detection by this method
was about 1.6 pg/g. The signal/noise ratio was about 3
[18].
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A B

Figure 1 — Chromatogram of liver homogenate sample
Note: A —intact homogenate of liver; B - with addition of fexofenadine standard up to the concentration of 3 ug/g
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Figure 2 — Calibration curve of interdependence in fexofenadine concentration in the liver homogenate
and its chromatographic peak area
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Figure 3 — Concentration of fexofenadine in the liver after its intravenous administration
at the dose of 11 mg/kg (n=3 for each time point, M£SD)
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Table 1 — Deviations of concentrations of fexofenadine calibration samples from nominal values calculated
by equations of linear dependences

. Graph 1 Graph 2 Graph 3
Nominal
. Calculated Calculated Calculated
concentration, R . .
ug/g concentration, Accuracy,% concentration, Accuracy, % concentration, Accuracy,%
He/s Hg/s Hg/s
3 3.56 18.57 3.53 17.53 3.41 13.65
12 10.63 11.46 11.50 4.13 11.28 6.03
24 24.06 0.26 23.23 3.20 24.53 2.20
36 37.25 3.48 36.51 1.42 36.02 0.07
48 47.57 0.90 48.86 1.79 48.68 1.41
60 59.21 1.31 59.27 1.22 60.02 0.03

Table 2 — Accuracy and precision of methods of fexofenadine quantitative determination in rabbits’ liver
homogenate within and between cycles

Con'\::zrr:lllg?c:on, Mean Concentration, Mean Auccuracy, D Precuision,

ug/g ug/g % %
Within cycles

3 3.52 17.20 0.053 1.52

12 10.85 9.60 0.23 2.16

24 23.80 5.35 1.45 6.09

48 44.92 6.42 0.94 2.10
Between cycles

3 3.37 12.35 0.14 4,02

12 10.82 9.81 0.44 4.07

24 25.29 5.38 1.16 4.57

48 48.99 4.17 2.35 4.79

Stability Approbation of Methods

The stability of standard fexofenadine solutions
was evaluated by their three-fold chromatography after
three frost/defrost cycles and dilution to the concen-
tration of 10 pg/ml. Each frost cycle lasted 24 hours at
—29°C in the frost chamber followed by defrost at the
room temperature for 2 hours. No reliable differences
were found out between the fexofenadine concentra-
tions before and after the described manipulations.

To evaluate the stability of fexofenadine in rabbits’
liver homogenate kept in the frozen state, the samples
were prepared in the concentration of 48 pg/g. Half of
the samples were analyzed immediately after the prepa-
ration, and the rest of them were prepared after storage
in the frozen condition within 60 days. 3 independent
samples from each party were examined. The mean
concentration was 46.44 ug/g, the mean accuracy was
3.26%.

Sample Transfer

In the successive analysis of the sample with the fex-
ofenadine concentration of 48 ug/g and the sample of
the blank liver homogenate, no peaks were present in
the chromatogram of the pure (intact) liver homogenate
corresponding to the fexofenadine peak by the retention
time, which evidenced the absence of the sample trans-
fer.

Tom 8, Beinyck 1, 2020

A study of pharmacokinetics of Pgp marker substrates,
is a leading method in the investigation of functioning of
the protein carrier in vivo [14]. The concentration deter-
mination of the marker substrate in blood after its single
peroral administration, characterizes the functional activ-
ity of Pgp at the level of the whole organism [6]. However,
a more complete and tissue-specific evaluation of func-
tioning of Pgp, requires the use of methods permitting to
study the functional activity of the transporter locally in
the organs responsible for absorption, distribution and
excretion of substances. This is done by a quantitative de-
termination of the concentration of marker substrates in
different organs and tissues [11, 19].

As a marker substrate, fexofenadine possesses a
number of advantages: it does not undergo biotransfor-
mation, does not cumulate in an organism, it possesses
a wide range of therapeutic effects, rarely causes side
effects, it is available in price and can be bought from
pharmacies without prescription [6, 9, 10]. This drug
is primarily excreted with bile (80%) [20], therefore a
method of its quantitative distribution in the liver per-
mits evaluation of the functional activity of the trans-
porter in this organ. An increase in the concentration of
fexofenadine in the liver, indicates inhibition of the func-
tional activity of Pgp, the reduction of its level evidences
the induction of the activity of this transporter.
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Rabbits are recommended as a test system for the in-
vestigation of functioning Pgp in vivo since these animals
have the highest homology between amino acid sequences
with the transporter of a human being [21]. Pgp of rabbits
and humans is coded by one mdrl gene, and not by two
(mdr1 and mdr2) like in other rodents (mice and rats) [22—
24]. Besides, the mechanisms of regulation of the trans-
porter are similar in a human being and a rabbit [21, 25].

To test the developed methods, the concentration
of fexofenadine in the rabbits’ liver was analyzed 5, 10,
15, 30, 60 minutes after its intravenous administration at
the dose of 11 mg/kg.

Concentrations of fexofenadine in the liver ho-
mogenate were 30.4+0.88, 26.3+3.17, 17.5+2.90,

19.54+1.49 ug/g, respectively (Fig. 3). It confirms the pos-
sibility of using the developed methods for the determi-
nation of concentrations of the substance under study
in the rabbits’ liver and for the subsequent analysis of
functioning of the carrier protein Pgp.

CONCLUSION

Thus, HPLC methods was for quantitative determi-
nation of fexofenadine in the hepatic tissue of rabbits
has been worked out. It is characterized by efficiency,
sensitivity, specificity, high resolution, reproducibility
and linearity in the range of the concentrations that can
be used for the evaluation of the functional activity of
Pgp in preclinical trials.
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