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Peroral multi-drug administration is often associated with severe drug-drug interactions. These
interactions can occur either in the gut lumen, at absorptive site or after absorption. Present work
was undertaken to study the interaction between atenolo! and furosemide at the absorption site.
Alteration in the intestinal permeability was studied using rat single-pass intestinal perfusion
technique, to assess the changes on administration of single and combination drugs. Permeabil-

ity coefficient (P

eft

) of atenolol reduced to a statistically significant level (P<0.05) when co-per-

fused with furosemide, with P_,values (x10~ cm/sec) of 0.0686+0.0433 and 0.0154+0.0326 for drug
perfused individually and in combination, respectively, indicating the possibility of drug-drug

interaction occurring at the absorption site.

Oral route of drug administration is the most preferred
one, both by physicians and patients, due to ease of deliv-
ery and better patient compliance', and the treatment may
be accomplished using single drug or a combination of two
or more drugs. The latter may be either fixed dose combina-
tions or concomitant administration of individual dosage
units. This multi-drug administration can be a potential cause
for a variety of drug-drug interactions, the consequence of
which can be significant, especially in the case of narrow
therapeutic index drugs. Most of the drug interactions have
been studied at the pharmacokinetic and pharmacodynamic
levelsz+. However, drug-drug interactions may also occur in
the (i) pre-absorption stage due to changes in stability, dis-
solution characteristics, and/or (ii) absorption stage due to
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altered intestinal permeability induced by biochemical or
physiological changes®, leading to altered bioavailability.

The present work aims to identify absorption interac-
tions between atenolol (ATN) and furosemide (FRD) using
in siturat single-pass intestinal perfusion (SPIP) model. The
combination of ATN, a B blocker, and FRD, a diuretic, was
selected as it is one of the most widely prescribed combina-
tions in cardiovascular discrders. Both these drugs are poorly
permeable from gastrointestinal tract®, and hence, their oral
absorption would be more critically affected by any changes
in the intestinal permeability. The permeability coefficient
(P, values of ATN and FRD, when pertused alone and in
combination, were calculated after suitable correction for
water flux, using gravimetric method after density correc-
tion for exiting intestinal perfusate.
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The permission for the present study was obtained from
Institutional Animal Ethics Committee (approval number
IAEC-01-079). The composition of perfusion solution was
similar to that already reported®, with drug concentrations
being 0.83 mM (for ATN) and 0.2 mM (for FRD), both in single
and combination drug study’. The pH and osmolality of per-
fusion solution was maintained at 6.5+0.02 and 290+10
mOsmol/kg, respectively. The methodology followed was
similar to that already reported®, with the following salient
features: intestinal portion used — jejunum; flow rate of drug
perfusion solution — 0.2 ml/min using peristaltic pump (P-1,
Pharmacia Biotech, Kwai Chung NT, Hong Kong); frequency
of sample collection — 15 min intervals for duration of 90
min in preweighed 5 ml glass vials. Length of intestinal seg-
ment studied was measured at the end of each experiment,
and its radius was taken to be 0.18 cm®. The density of col-
lected samples was determined using calibrated autopipette
(Finnpipette, Labsystems, Helsinki, Finland) and electronic
weighing balance (AG285, Mettler Toledo, Greifensee, Swit-
zerland). All the samples were analyzed for drug content
using validated HPLC method of analysis. The HPLC sys-
tem (Shimadzu Corporation, Kyoto, Japan) consisted of SCL-
10A system controller, LC-10AT pump, FCV-10AL flow con-
trol valve, DGU-14A degasser, SPD-10A UV/Vis detector,
SIL-10AD autoinjector, CTO-10AS column oven, with Class
VP software. The HPLC method of analysis comprised of
Lichrospher 100 RP-18e column, 250x4, 5 ym (Merck,
Darmstadt, Germany); acetonitrile:50 mM pH 6.5 phosphate
buffer (20:80) as mobile phase at a flow rate of 0.7 ml/min;
detection wavelength of 276 nm for both ATN and FRD; and
an injection volume of 50 ul. Phenol red was detected at
434 nm using acetonitrile:20 mM pH 6.5 phosphate buffer
(20:80) as mobile phase at a flow rate of 0.8 ml/min, and an
injection volume of 20 ul.

The P, values for drugs were calculated from steady-
state concentrations in the exiting intestinal perfusate, as
determined by steady-state recovery of phenol red (30 min
after the start of experiment), using parallel tube model®,
after applying suitable correction for water flux by gravimet-
ric method after density correction for exiting intestinal per-
fusate. The latter involves determination of density of the
“entering” ana ‘exiting” intestinal perfusate, and applying that
to calculate the water flux. This differs from the currently
prevalent practice of assuming the density of “entering” and
“exiting” intestinal perfusate as 1.0 g/ml®. The “density cor-
rected” gravimetric method was found to be more accurate
for studying subtle changes in intestinal permeability of the
drugs (unpublished data). P_=[-Q .In(C_/C )J/A, where, Q_

eft
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is the flow rate (ml/min) of entering perfusion solution, C_
and C_, are the drug concentrations (zg/ml) in entering and
exiting perfusion solutions, and A is the surface area (cm?)-

of the intestinal segment.

The HPLC methods of drug analysis passed all the
validation parameters studied. For ATN, linearity was estab-
lished in the range of 60-300 pg/ml (r°=0.9984), method being
101.5 % accurate with 0.12 % RSD for precision. For FRD,
linearity was established in the range of 20-100 pg/ml
(r2=0.9991), method being 97.9 % accurate with 0.30 % RSD
for precision. For drugs in combination, linearity was estab-
lished with r2=0.9995 and 0.9997, accuracy being 102.3 %
and 100.1 %, and 0.39 % RSD and 0.45 % RSD for preci-
sion for ATN and FRD, respectively. For phenol red, linearity
was established in the range of 15-75 ug/ml (r*=0.9998),
method being 102.0 % accurate with 0.39 % RSD for preci-
sion.

The solution state stability for combination of ATN and
FRD at a concentration of 0.83 mM (221.1 xg/ml) and 0.2
mM (66.2 ug/ml), respectively, in the perfusate at 37° for 3 h
was confirmed with the recovery values of 100 % for ATN
and 100.6 % for FRD, at the end of the experiment.

The P,, values of ATN and FRD, when perfused alone
and in combination, are presented in fig. 1. The mean P,
(x10** cm/sec) of ATN, when perfused alone and in combi-
nation with FRD, was found to be 0.0686+0.0433 and
0.0154+0.0326 (statistically significant, P<0.05 in student’s
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Fig. 1: Permeability coefficients of drugs perfused
through jejunum.

Permeability coefficients of ATN and FRD when perfused
alone (M) and in combination (). Data is expressed as
mean=S.D. for drugs perfused alone (n=8) and in combi-
nation (n=6). Statistically significant difference in P_,
was observed at P<0.05.
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t-test), respectively, and that of FRD, when perfused alone
and in combination with ATN was 0.1060+0.0620 and
0.0758+0.0531 (statistically insignificant, P>0.05 in student’s
t-test), respectively.

The possible contribution of (i) dissolution and/or (ii)
stability, towards altered intestinal permeability was excluded
by (i) using drugs in solubilized form and (ii) by performing
stability studies, respectively. FRD is absorbed by
paracellular transport'® and is reported to be a substrate for
intestinal efflux transporter systems''. However, the contri-
bution of well characterized efflux transporters, i.e. P-glyco-
protein, and multidrug-associated proteins — MRP1 and
MRP2 could not be established for FRD''. The P_, of FRD is
not affected by co-administration of ATN, indicating the
latter's inertness towards carrier-mediated efflux processes
involved in the transport of FRD. An earlier study had re-
ported inhibitory effect of ATN on efflux of celiprolol'?, thus
indicating towards different efflux transporters for FRD and
celiprolol. ATN is a hydrophilic molecule, passively absorbed
by paracellular pathway, and is used as a marker for
paracellular transport'®'2. A significant reduction in the P_,
of ATN during co-administration with FRD points towards
interaction at the paracellular route, as both the drugs are
primarily absorbed through this route. This study established
the usefulness of rat SPIP technique as a quick tool for study-
ing absorption level interactions between concomitantly ad-

ministered drugs. However, it does not deemphasize the
potential of in vivo studies in establishing clinically si¢ 1ifi-
cant drug-drug and drug-food interactions.
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