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Abstract

A simple, specific and sensitive reversed-phase high performance liquid chromatographic (RP-HPLC) method with UV absorbance detection
was developed and validated for simultaneous determination of quinidine, verapamil and passive permeability markers, in samples obtained
from rat intestinal in situ single-pass perfusion studies. Chromatography was carried out on C18 column with mobile phase comprising of
acetate buffer (pH 5.0) and methanol in the ratio of 40:60 (v/v) pumped at a flow rate of 0.6 ml/min and UV detection was employed at 230
and 275 nm. The average retention times for hydrochlorthiazide, frusemide, quinidine, propranolol, and verapamil were 4.9, 5.8, 6.9, 8.9 and
11.3 min, respectively. The calibration curves were lin€%r>0.9995) in the selected range for each analyte. The method is specific and
sensitive with limit of quantification as 25 ng/ml for quinidine and verapamil. The intra- and inter-day accuracy and precision were found to be
good for all the five analytes. The method was found to be reliable in permeability determination and to estimate pH-dependent P-glycoprotein
(P-gp)-mediated efflux transport of quinidine. Weak bases quinidine, propranolol and verapamil showed pH-dependent permeability, where
quinidine permeability increased by 3.6-fold when the luminal pH was changed from pH 4.5-7.4. Inhibition of P-gp by verapamhil)(200
indicated that about 68% and only 35% of passive transport of quinidine was attenuated by P-gp-mediated efflux at pH 4.5 and 7.4, respectively.
In conclusion, low passive transport rates of weakly basic P-gp substrates at lower pH, may lead to more accessibility of these molecules to
P-gp within enterocytes thus resulting in pH-dependent functional activity of P-gp as protic drugs moves along the gastrointestinal tract.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction membrane protein, is an ATP-dependent efflux membrane
transporter apically expressed throughout the GIT and act-
Intestinal permeability is a fundamental parameter de- ing as major biochemical barrier to oral bioavailabiljfy.
scribing the rate and extent of intestinal drug absorption and P-gp also plays a critical role in the distribution, metabolism
thus correlates well to the in vivo performance of the drug or and elimination of many clinically important therapeutic sub-
the dosage form. Efflux transport mediated by P-glycoprotein strateg[2]. P-gp has broad substrate specificity and a num-
(P-gp) is widely accepted as a reason for low and variable ber of potential drugs including HIV protease inhibitors like
oral absorption for a number of drugs. P-gp, a 170 kDa trans- indinavir, saquinavir, ritonavir and anticancer drugs like pa-
clitaxel, vinblastine, doxorubicin have been reported to be
mspondmg author. Tel.: +91 172 2214 682/687: substra_tes for P—g[@_]. An understaqding of the_ physiologi_c
fax: +91 172 2214 692. regulation of P-gp is a key to design strategies for the im-
E-mail addresspanchagnula@yahoo.com (R. Panchagnula). provement of therapeutic efficacy of these drugs. Quinidine
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being a substrate to P-gp, has been used for (i) elucidatingAristo Pharmaceutical Ltd. (Daman, India). Propranolol
the quantitative contribution of P-gp-mediated efflux to its HCI was from Sun Pharmaceutical Industries Ltd. (Mum-
intestinal absorptiof4,5], (ii) regional variability of P-gp bai, India). Verapamil and quinidine were purchased from
expression, (iii) pharmacokinetic interactiofs7] and (iv) Sigma-Aldrich Co. (MO, USA). All the solvents used were
P-gp kinetic profilind8]. Further, quinidine is being increas- of HPLC grade (J.T. Baker, Mexico) and reagents and chem-
ingly used for understanding mechanistic aspects of intestinalicals were of analytical grade.
P-gp[9].

According to pH-partition theory, the membrane perme- 2.2. Instruments
ability of the uncharged species of a protic or ampholytic
molecule is much higher than that of the charged species. P-  For analysis, Waters HPLC system (Milford, MA, USA)
gp-mediated efflux activity becomes insignificant for highly consisting of 600 E multisolvent delivery system, 717 plus
permeable compounds, thus the change in passive permeabilautosampler and 2487 duakbsorbance detector was used.
ity as a function of luminal pH may influence the functional MILLENIUM 32 software (version 3.05.01) was used for data
activity of P-gp for the same drug as it travels along the Gl acquisition and processing. Other instruments include El-
tract. Based on this hypothesis, quinidine was selected forgastat (Elga Ltd., Bucks, UK), electronic balance AG245
this study as it is weak base and a strong P-gp substrate(Griefensee, Switzerland), Branson 3210 sonicator (The
A suitable analytical method for determining quinidine in Hague, The Netherlands), Millipore syringe filtration assem-
the transport buffer in presence of P-gp modulator is neces-bly (Bangalore, India) and Brand autopippetes from E. Merck
sary for this purpose and further to study the role of P-gp (Mumbai, India).
on overall permeability, kinetic profiling of P-gp-mediated
efflux transport and for exploring the use of P-gp modulators 2.3. Methodology
forimproving absorption. P-gp modulation studies are mostly
done with radio-chemical analygi,5], which is notalways  2.3.1. Chromatography
possible because of problems related to the storage, handling The column used for chromatographic separations was
and waste disposal of radioactive materials. The FDA guide- 4.6 mm i.d., 250 mm length andBn particle size C18
lines suggest internal standards and markers to characterizéSymmetr, Waters, USA) attached to a guard column of
the permeability of drug substances for classifying theminto C18 (Waters, USA). The chromatographic separations were
biopharmaceutical classification system (BC$)-12] Fur- accomplished using mobile phase consisting of acetate buffer
ther these markers are useful in monitoring the integrity and (10 mM, adjusted to pH 5.0 with glacial acetic acid) and
functional status of the intestinal membrane and thus canmethanol (40:60, v/v), filtered through 0.4 filter (Milli-
be routinely used for accurate permeability characterization pore) and deaerated in ultrasonic bath (Branson 3210). Mo-
[13]. bile phase was pumped in isocratic mode at a flow rate of

Here we report a simple, selective, sensitive, reproducible 0.6 ml/min at ambient temperature. Samples ofiPQvere
and reliable RP-HPLC method with short run time of 14 min automatically injected after filtration through 0.4 filter
for the routine quantitative analysis of quinidine and vera- (Millipore). Elution of quinidine, propranolol and verapamil
pamil in perfusion samples in presence of permeability mark- was monitored at 230 nm and frusemide and hydrochlorthi-
ers, hydrochlorthiazide (less permeable), frusemide (lessazide was monitored at 275 nm, using a dual wavelength de-
permeable) and propranolol (highly permeable), routinely tector.
used in permeability studies. This method utilizes isocratic-
mode with UV detection, which is more feasible and less 2.3.2. Preparation of standard solutions
time-consuming than any other method of detection. Al- Primary stock solutions of 2mg/ml of all the five ana-
though a number of methods are available for quantifica- lytes in ultra pure water were prepared, individually, and
tion of quinidine in various biological matric§$4—16] the were diluted to obtain a common secondary stock solution
unigueness of the present method is its ability to simulta- of 200n.g/ml of each analyte. Aliquots of secondary stock
neously quantify passive integrity markers. The proposed solution of all the analytes were then diluted in blank in situ
method was further used to elucidate the pH-dependent func-perfusion samples to obtain calibration standards in the con-
tional activity of P-gp in limiting intestinal absorption of centration range of 0.2—2y/ml.

quinidine.
2.4. Method validation
2. Materials and methods The chromatographic method was validated on three dif-
ferent days to determine various parameters viz. linearity,
2.1. Chemicals sensitivity, precision and accuracy for each analyte. The cal-

ibration curves and validation studies were performed with
Frusemide was obtained from Dr. Reddy’s Lab. (Hy- blank perfusion solution collected from in situ single-pass
derabad, India). Hydrochlorthiazide was received from perfusion (see Sectioc®.5). Interference in the presence of
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any endogenous constituents of perfusion solution was as-gp inhibitor. Final concentrations used in the studies were

sessed by analysis of blank perfusion samplé§. A six-

50pM, hydrochlorthiazide; 10Q.M, propranolol; 5QuM,

point calibration curve was constructed by spiking blank per- frusemide and 1M, quinidine.

fusion solution with appropriate volumes to obtain working
standards over the concentration range of 0.2g8/&l.

A two-step perfusion procedure was followed to deter-
mine the permeability of compounds with and without P-

Linearity was measured from calibration curve prepared gp inhibitor [20]. This included sampling every 5min for a

form standard solutions1E 5) containing a mixture of five
analytes in the selected range (0.2+292ml for each ana-

30 min perfusion period with perfusion solution containing
test compounds (quinidine, hydrochlorthiazide, frusemide

lyte). The interpolation of areas obtained for each analyte in and propranolol) only, after 20 min equilibration, and then
the sample matrix in the calibration curve permitted quantifi- switched over to perfusion solution containing both test com-
cation. Precision (%R.S.D.) of the method was determined pounds and verapamil, and similarly sampling every 5 min for
by analyzing quality control (QC) samples of three different 30 min perfusion period after 20 min equilibriation. Perme-
concentrations within the calibration range. Accuracy of the ability was determined in four individual rata € 4). Equi-
assay was shown as percentage relative error (%RE) and callibrium of 20 min prior to sampling was found to be suffi-
culated based on the difference between the calculated con<¢ient to reach an initial steady-state. Water flux was quan-
centration and the spiked concentration. QC samples weretified by volume measurement80,21] Perfusion samples
prepared in blank perfusion solution spiked with all analytes were filtered through 0.4fpm filters and were automatically
at different concentrations (0.5, 1.5 and gr/ml) follow- injected (2Qul) without involving any sample preparation
ing the same procedure as for calibration standards, using gprocedures.
different primary stock. To assess intra- and inter-day varia-
tion, calibration standards and QC samples were prepared orp 5.3, Data treatment and statistics
the same dayn(=5) and on three consequent daps=(1) Permeabilities (without and with P-gp inhibitor) are cal-
and analyzed. Intra- and inter-day precision was depicted asculated after correcting the outlet concentration for water flux
%R.S.D. while intra-day accuracy was depicted with %RE. on the basis of the ratio of volume of perfusion solution col-
Limit of quantification (LOQ) was determined by serial di- |ected and infused for each sampling point (5 min).
lution of working standards, while the LOD was taken as Ol(Cin/Coud — 1]
one-third of LOQ[18,19] (ON)  Peft inh = '”znol“t

»

whereQ is the flow rate,Cj, and Cyyt the respective inlet
and outlet concentrationsthe radius of intestine (0.21 cm)
andl is the length of intestine measured after completion of
2.5.1. Animals and legal prerequisites perfusion[22,23]

Sprague—Dawley rats (270-350 g) were used to perform  Values were indicated as me#rS.D. for permeability
in situ single-pass perfusion. Anesthesia, surgical and perfu-in four independent rats. Statistical difference between the
sion procedures were justified in detail and were approved by permeabilities of the drugs without and with P-gp inhibitor
the Institutional Animal Ethics Committee (IAEC, NIPER). was evaluated by one way ANOVA (SigmasStat version 2.03,
The study complied with local and federal requirements for SPSS Inc., IL, USA) aP <0.05 and <0.01.
animal studies.

P, eff, control

2.5. In situ single-pass intestinal permeability and P-gp
inhibition studies

2.5.2. Methodology

The surgical procedure and the in situ single-pass per-
fusion experiments were performed according to the meth- 3.1. Chromatography and specificity
ods described previous[f0]. Rats were fasted for 16—18 h
(tap water ad libidum) prior to study. Anaesthesia was in-  Representative chromatograms of blank and in situ perfu-
duced with an intraperitoneal injection of thiopental sodium sion samples containing the five drugs are showhiq 1
(50 mg/kg). To maintain normal body temperature rats were Under the chromatographic conditions used for analysis the
placed on a heating pad (3€). The abdomen was opened retention times of frusemide, hydrochlorthiazide, propra-
with a midline incision and a 10—12 cm jejunum segment was nolol, quinidine and verapamil were 5.8, 4.9, 8.9, 6.9 and
isolated and cannulated at both ends with glass tubing. Thell.3 min, respectively. No other interfering peaks were ob-
segment was rinsed with phosphate buffer saline (10 ml) andserved in the blank perfusion solution and the method was
the perfusion solution maintained at 32 was pumped ata  specific to all the analytes at the corresponding wavelength
flow rate of 0.1 ml/min using syringe pump (Harvard Appa- (230 or 275 nm). Although the interference from the blank
ratus PHD 2000 pump, MA, USA). The perfusion solution perfusate is negligible for hydrochlorthiazide and frusemide
(pH 4.5 and 7.4) consisted of NaCl 48 mM, KCI 5.4mM, at 230 nm, chromatogram of these two drugs was monitored
NapHPO, 2.8 mM, NabPO; 4 MM andb-glucose 1 g/l; and  at 275 nm to provide high specificitfig. 1). The chromato-
contained drugs with or without verapamil (20M) as P- graphic run time was 14 min, which permitted the analysis of

3. Results and discussion
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Table 1
Regression analysis of calibration curves for all drugs in the specified range of QU222
Retention time (min) Slope Intercept Correlation coefficient
Hct 49 289087 £11519) —2474 &21204) 0.9996+0.00003)
Fru 58 237993 £2280) 1248 £8620) 0.9996+40.0005)
Qui 6.9 415531 £7169) —6558 @-7543) 0.9998+40.0001)
Ppn 89 562335 {7524) —7408 -8782) 0.9998+40.0001)
Ver 113 169128 £5925) —7684 4235) 0.9995+40.0005)

2 Six concentrations across the range were evenly distributed. Values representi8dar) ¢f five calibration curves.

a large number of samples in a short time. Thus the method3.2.2. Accuracy and precision
is simple and highly selective. Analysis of calibration and QC standards were used to as-
sess the accuracy (%RE) and precision (%R.S.D.). The data
is summarized iTables 2 and Both intra- 6 =5) and inter-
day ((=11) R.S.D. were less than 3% for QC standards over
the selected range for all drugs, except for hydrochlorthi-
azide, which is still within the acceptable limits (<4%). Fur-
ther calibration standards also showed acceptable accuracy
and precisionTables 2 and B %RE for quinidine QC sam-
ples ranged from-2.45 to—0.92% and for verapamil it was
3.2.1. Range and linearity —1.36 to 2.18% while for rest of the drugs accuracy ranged
The six point calibration curves that were constructed from —2.26 to 1.61%. Overall, data showed good accuracy
for each assay batch were linear ranging between 0.2 andand precision of the method for each analyte.
2.2pn.g/ml with correlation coefficientrj over 0.999 for all
standard curvesTable J).

3.2. Validation

The chromatographic method was validated on three dif-
ferent days to determine the sensitivity, accuracy, and preci-
sion of the present HPLC method.

3.2.3. Sensitivity
LOD and LOQ decide the sensitivity of the method. LOD

0.184 is defined as the lowest concentration of the analyte that the
’ analytical process can reliably differentiate from background
o161 + & o levels[18,24] LOQ is defined as lowest concentration of the
' + 9 ] E standard curve that can be measured with acceptable accu-
0.14] k- R q A racy, precision.and variability. LOQ was a;sessed by serial
o = dilution to obtain the mean chromatographic response (peak
0.121 o area) 10 times more than the SD of six independent determi-
' 2 nations and LOD was taken as one-third of LOQ.
0.107
=) Table 2
<008— Intra- and inter-day precision and accuracy of hydrochlorthiazide and
: frusemide estimations of the method monitored at 275 nm
0.06- gkogr}::ﬁ)ntratlon Hct Fru
Intra-day* Inter-day Intra-day Inter-day
0.047 %R.S.D. %RE %R.S.D. %R.S.D. %RE %R.S.D.
Calibration standards
0.02 0.2 521 427 457 051  -6.28 296
s 0.6 273 305 375 253 025 227
0.00 ot 1.0 294 151 328 199 140 218
e —— 1.4 303  —0.74 264 233 197 247
2.00 4.00 6.00 800 10.00 12.00 14.00 18 286  —0.60 219 099 189 211
Minutes 2.2 299 045 278 288  —0.94 214

li trol |
Fig. 1. Chromatograms of (a) blank in situ perfusion sample, (b) perfusion Quality control samples

- . . Y 0.5 144 161 219 211 119 169
sample containing all five analytes, that included hydrochlorthiazide (Hct), 15 176 199 267 216 089 182
frusemide (Fru), quinidine (Qui), propranolol (Ppn) and verapamil (Ver), 2'0 256 —0.26 364 042 095 084

monitored at 275 nm and (c) perfusion samples containing all five analytes
monitored at 230 nm. The peaks are annotated with their respective names 2 Intra-day accuracy and precision was determined with five replicates
and retention times. Chromatograms were obtained from the blank samplefor each concentration.

and the sample containing Hct B4, Fru 50p.M, Qui 100M, Ppn 100.M b Inter-day precision was determined with eleven replicates (day 5;

and Ver 20QuM, collected after in situ perfusion through rat intestine. day 2,n=3; day 3,n=3) for each concentration.
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Table 3
Intra- and inter-day precision and accuracy of quinidine, propranolol and verapamil estimations of the method monitored at 230 nm
Cone f.g/ml) Qui Ppn Ver
Intra-day* Inter-day Intra-day* Inter-day Intra-day* Inter-day
%R.S.D. %RE %R.S.D. %R.S.D. %RE %R.S.D. %R.S.D. %RE %R.S.D.
Calibration standards
0.2 108 —-3.17 462 208 —2.42 473 425 —4.45 681
0.6 148 076 296 130 178 202 312 000 325
1.0 221 —0.52 183 344 —-0.14 258 238 250 378
14 281 138 208 171 054 196 278 -1.67 343
1.8 227 —0.53 162 079 —0.61 192 063 091 106
2.2 311 —0.13 260 084 012 137 258 -0.41 176
Quality control samples
0.5 120 —151 249 231 —1.36 215 270 —1.36 265
15 036 —245 284 134 —2.66 148 129 -0.21 215
2.0 087 —0.92 269 255 —0.37 209 074 218 166

@ Intra-day accuracy and precision was determined with five replicates fo

r each concentration.

b Inter-day precision was determined with eleven replicates (day5; day 2,n=3; day 3,n=3) for each concentration.

The LOD and LOQ for quinidine, verapamil and hy-
drochlorthiazide were 8.3 and 25 ng/ml, respectively, while

creased the permeabilityPsinn) Of quinidine @<0.05)
while no change in the permeability was found for hy-

for frusemide and propranolol LOD and LOQ are 16.6 and drochlorothiazide, frusemide and propranolol, indicating P-
50 ng/ml, respectively. Thus, the method shows high sensi-gp-mediated efflux of quinidine. In the present case, hy-
tivity with the added advantage of no complex sample prepa- drochlorothiazide, propranolol and frusemide were used as

ration procedures.

3.3. Application of the method to determine
pH-dependent P-gp-mediated efflux

Intestinal permeability was determined in rat jejunum us-
ing in situ single-pass perfusion technique and the sam-
ples were analyzed by the proposed method. The per-
meability Peff.contro) Of quinidine was found to be 0.23
(£0.03)x 10~*cm/s, at pH 7.4Kig. 2), while hydrochlor-
thiazide, frusemide and propranolol showed permeabilities
0.023 E0.004)x 10~*cm/s, 0.069 £0.054)x 10~4cm/s
and 0.48 £0.035)x 10~4cm/s, respectively. Based on per-
meability data, quinidine and propranolol can be classified
into high permeability class drug as per B(X5,26] In-
hibition of P-gp by verapamil (20@M) significantly in-

0.7

o pH 4.5 Control

= 06 @pH 4.5(+)ver 200uM
3 3 pH 7.4 Control
@ 05 8 pH 7.4(+) ver 200uM
ﬂg 0.4
=} &
= 0.3 ’
= 02 7
® o 7

' 7

0

<

er

Fig. 2. Intestinal permeability of hydrodrochlorthiazide (Hct), frusemide
(Fru), quinidine (Qui) and propranolol (Ppn) in the absence and presence of
P-gp modulator, verapamil (Ver). The method allowed the estimation of Ver
permeability in the same set of experiments. Values are the sa&ab. of

four independent experiment® < 0.05,” P < 0.01; statistically significant
difference from permeability in the presence P-gp-mediated efflux (control)
atsame pH (one-way ANOVA¥P < 0.05#P < 0.01; statistically significant
difference from permeability at pH 4.5 (one-way ANOVA).

permeability markers so as to check the integrity of the in-

testinal membrane on different occasions and to obtain ac-
curate permeability data for quinidine and verapamil un-

der different conditions (viz. presence and absence of P-
gp-mediated efflux and to study the effect of quinidine per-

meability in the presence of other drugs or P-gp modula-
tors).

The Peft control Of weak bases, quinidine and propranolol,
increased by 3.61- and 1.72-folds when the pH of perfusion
solution was changed from pH 4.5 to 7.Bid. 2). How-
ever, no difference in permeability of hydrochlorthiazide and
frusemide (weak acids) was observed with change in lu-
minal pH. Inhibition of P-gp-mediated efflux by verapamil
(200M) increased the permeabilitPés inn) of quinidine
at both pH, however, the difference betwe®s control and
Peft inh Was found to be more at pH 4.5. The proposed HPLC
method also was able to quantify verapamil, which showed
pH-dependent permeabilityig. 2). However, the data rep-
resents verapamil permeability in the presence of quinidine
(100uM), where P-gp-mediated efflux is partially or com-
pletely inhibited[27].

To evaluate the quantitative functional role of P-gp, the
intestinal efflux inhibition ratio (EIR), i.e. the ratio of per-
meability due to P-gp-mediated efflux activitiPi 45 and
the passive permeabilityPpp), was calculatedPp.gp was
obtained by subtractinBef control from Pegt inn While Ppp is
equal toPeft inh [28]. Assuming complete P-gp inhibition by
verapamil (20@.M), EIR for quinidine was found to be 0.68
and 0.35, indicating that about 68% of passive transport of
quinidine is attenuated by P-gp-mediated efflux, at pH 4.5,
while only 35 of passive transport is attenuated by P-gp at
pH 7.4.
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The pH-dependent permeability of quinidine, propranolol 4. Conclusion
and verapamil support the pH partition thef@29]. This the-
ory states that the fraction of unionized species of a basic The proposed RP-HPLC method is simple, sensitive, reli-
drug, which drives the passive transmembrane transport, in-able, and provides satisfactory accuracy, precision with lower
creases from pH 4.5 to 7.4. The pH-dependent passive perquantification limit and short retention times for the deter-
meability of weak bases has also been observed in the in situmination of quinidine and verapamil from in situ intestinal
perfusion rat intesting30]. Different permeability patterns  permeability samples with an additional advantage of simul-
of protic drugs at different luminal pH may be observed be- taneous quantification of US FDA suggested permeability
cause of the difference in lipophilicity of ionized and union- markers. This technique eliminated any endogenous interfer-
ized species. The composition of enterocvtic membrane fa- ence from biological matrix, and permitted analysis involving
vors the uptake and transit of drug molecules with appropriate no sample preparation procedures. Hence this method can be
lipophilicity [31]. However there are a number of exceptions easily and conveniently adopted for routine quantification in
for the general belief that only uncharged species can crosspermeability studies. Based on the sensitivity results (LOQ),
membranes. A formal electrical charge in ionization state itmay be concluded that this method will be useful for perme-
can be highly delocalized and therefore be less of an im- ability estimations using in vitro everted sac, intestinal sec-
pediment to membrane partitioning, especially whenDog tions (Ussing chambers) and cell cultured monolayer models.
is sufficiently high[32]. The advantage of the developed method lies in the simulta-

The observed significant difference in permeability of neous determination of passive permeability markers (hy-
weak bases propranololKp 9.5), verapamil (K5 6.5) and drochlorthiazide, frusemide and propranolol) routinely em-
quinidine (K3 4.2, 7.9) at pH 4.5 and 7.4 is thus attributed to ployed in permeability studies. Overall, this methodology
the degree of ionization of these drugs at the luminal pH. Con- provides a simple quantification and can be useful for un-
verse to basic drugs, acidic drug hydrochlorthiazide showed derstanding functional role of P-gp-mediated efflux in the
decrease in permeability when the luminal pH was changedintestinal drug absorption.
frompH4.5t0 7.4. The low passive transportrate of quinidine  Degree of ionization of protic drugs changes as a func-
at pH 4.5 is attributable for more passive transport attenua-tion of luminal pH which ultimately influences the passive
tion by P-gp effluX{9]. Passive transport and P-gp-mediated permeability. Data indicated that pH-dependent passive per-
efflux act in mutually opposite directions at the apical mem- meability of quinidine determines the functional activity of
brane contributing to the overall permeability of P-gp sub- P-gp where atlow pH, because of slow transit across the ente-
strates. Drugs with slow transit across the enterocytes arerocytes, drug molecules are more accessible to P-gp and thus
more accessible to P-gp within the enterocytes, may be atpassive permeability is more attenuated by P-gp at lower pH
sub-saturation concentrations and thus their permeability isfor basic drugs. Results add new dimensions to the develop-
more influenced by P-gp-mediated eff[38,34] In a similar ment of intestinal drug absorption prediction models incor-
way, because of the high degree of ionization at a low pH, porating the functional role of P-gp in limiting permeability
passive transport of quinidine is significantly reduced lead- of various protic drugs.
ing to high P-gp-meditated efflux. Overall, the data indicated
that passive pH-dependent permeability of quinidine influ-
ences the P-gp-mediated efflux rates and thus may influenceReferences
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