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Abstract

Loracarbef, cefixime and cefuroxime axetil are B-lactam antibiotics that are administered orally. Oral absorption of loracarbef
is nearly complete, while that of cefixime and cefuroxime axetil is 30~50%. To investigate this we used the human intestinal cell
line Caco-2 that possesses the proton-dependent peptide transporter that takes up cephalexin and cefaclor. Drug uptake was
measured at pH 6 by high performance liquid chromatography or with radioactively labelled drug. The initial uptake rate of 1
mM cefixime was lower than that of 1 mM loracarbef. By 2 h both drugs were concentrated intracellularly against a gradient;
however, the accumulation of cefixime was only 40% of that of loracarbef. The uptake rate of both drugs was sodium-independ-
ent, temperature- and energy-dependent, and was inhibited by dipeptides, cephalexin, cefaclor, but not by amino acids. Kinetic
analysis of the concentration-dependence of the uptake rates for loracarbef and cefixime indicated that diffusion and a single
transport system were responsible for uptake. The kinetic parameters for loracarbef and cefixime, respectively, were: K, values
of 8 and 17 mM and V,, values of 6.5 and 2 nmol /min per mg protein. Loracarbef and cefixime were competitive inhibitors of
each other’s uptake. By contrast, cefuroxime axetil was taken up and rapidly hydrolyzed to cefuroxime by Caco-2 cells.
Cefuroxime axetil uptake was not dependent on energy and was not affected by dipeptides. Thus, cefuroxime axetil apparently
enters Caco-2 cells by simple diffusion. By contrast, loracarbef and cefixime share a common transport mechanism, the
proton-dependent dipeptide transporter. Cefixime was taken up less well than loracarbef due to a substantial reduction in the
turnover rate and decreased affinity of the transporter for cefixime.
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1. Introduction kidney, skin, and respiratory tract. Loracarbef repre-
sents a new chemical structural class called carba-
cephem (Fig. 1). This B-lactam has enhanced chemical
stability to hydrolysis in water or by enzymatic hydroly-
sis by B-lactamases when compared to other cephalo-

sporin and penicillin antibiotics. Like two oral cephalo-

Loracarbef is an oral B-lactam antibiotic used for
the treatment of ear inflammation and infections of the
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sporin antibiotics, cephalexin and cefaclor, loracarbef
is very well absorbed in man. The mechanism responsi-
ble for uptake has not been examined.

The human Caco-2 cell line has been used as an in
vitro model to study the absorption of many antibiotics
and drugs [1-9]. When cultured, these cells possess
many biochemical and morphological properties of the
intestinal enterocyte [10-12]). Confluent cells become
polarized and possess microvilli on the apical surface
(facing the growth medium) and a smooth surface on
the basolateral (support) side. Transport carriers for
nutrients and hydrolytic enzymes are distributed asym-
metrically on the two cellular surfaces [8,10,13-16].
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Fig. 1. Structures of loracarbef, a carbacephem antibiotic, and
cephalosporin antibiotics used in study.

Located in the brush border membrane is the proton-
dependent dipeptide transporter that takes up
cephalexin and cefaclor [1,2] and located on the baso-
lateral side is a second peptide transporter responsible
for the translocation of cephalexin across the cell mem-
brane [17].

The proton-dependent dipeptide transporter of
Caco-2 cells has all of the salient features of the
intestinal brush border proton-dependent peptide
transporter as elucidated with the study of cephalexin
and cefaclor uptake [1,2]. The transporter is proton-
and energy-dependent. Uptake of these B-lactams is
inhibited by the presence of dipeptides but not amino
acids. The carrier has a higher affinity for the L-stereo-
isomer than the bp-isomer of dipeptides and of
cephalexin. The affinity of the transporter for

cephalexin and cefaclor is within the range of reported
values from studies with intestinal brush border mem-
brane vesicles and in situ absorption studies.

The present study was undertaken to examine the
mechanism by which loracarbef is orally absorbed into
the human intestinal enterocyte and to compare the
mechanism of uptake with that of cefixime and ce-
furoxime axetil. Cefixime is taken up by a proton-de-
pendent peptide transporter in intestinal brush border
membrane vesicles [18-21] and is 30-40% orally
bioavailable in man. Cefuroxime axetil is 35-50%
bioavailable in man and is a ester prodrug of the
parenteral agent, cefuroxime [22,23]. The enhanced
absorption of the prodrug compared with cefuroxime is
thought to be due to the increased lipophilicity, result-
ing in a more rapid rate of diffusion. By contrast,
loracarbef which is hydrophilic is nearly completely
absorbed in man [24].

2. Materials and methods

Materials. Cephalexin, cefuroxime axetil, cefurox-
ime, and loracarbef were obtained from Eli Lilly, Indi-
anapolis, IN. Cefixime was a kindly provided by Led-
erle. D-[9-'*ClCephalexin (12.25 Ci/mol) and b-
[*HJloracarbef were prepared by Lilly/Amersham.
Ethicon, Somerville, NJ generously supplied a collagen
dispersion. Growth media and EBSS was purchased
from Gibco, Grand Island, NY. The other reagents
were purchased from Sigma, St. Louis, MO.

Cell culture. The human adenocarcinoma Caco-2 cell
line was passaged as previously described [1]. For flux
measurements, 0.5-1.0 - 10° cells were grown in colla-
gen-coated multiwell dishes (24 well) for 13-18 days
and the medium was replaced every two to three days.
The cells were mycoplasma-free and were used be-
tween passage numbers 29 and 45.

Transport measurements and calculations. Drug up-
take was measured using a cluster-tray technique [1,25].
The flux buffer was bicarbonate-free EBSS containing
25 mM Mes titrated to pH 6.0 with KOH. The
sodium-free flux buffer contained choline chloride in
place of sodium chiloride. The osmolality of the flux
buffer was adjusted to 300 + 5 mOsm /kg with choline
chloride. The extracellular fluid that adhered to the
cells during the washing procedure was estimated using
[*Hlinulin as the marker and used to estimate the zero
time for the determination of the rate of uptake. Fresh
solutions of the cephalosporins, dipeptides, SITS, and
DIDS were prepared daily. Protein was measured us-
ing bovine serum albumin as the standard [26].

For non-radiolabelled drugs, detection of the drug
was measured employing high performance liquid
chromatography. Cells were lysed with 250 n1 of water.
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A 20 pl sample was injected onto a Waters Nova C18
Radial Compression Module (8 X 100 mm with a guard
insert) at 1200 p.s.i. with a flow rate of 2-2.5 ml/min.
The solvent system was isocratic and differed for each
drug. The solvent system for loracarbef was 7.5%
acetonitrile /7.5% methanol /0.5% ammonium ac-
etate /water and for cefixime 9% acetonitrile /9%
methanol /0.5% ammonium acetate /water. For ce-
furoxime axetil and cefuroxime, the solvent system was
40% acetonitrile /0.1% trifluoroacetate /water. Drugs
were detected at 260 nm and peaks were observed
between 4 and 7 min depending on the drug. The peak
area was used to calculate the amount of drug from a
standard curve.

Calculations. The rate of loracarbef uptake was
measured at 1, 2, 3 and 4 min; the rate for cefixime
uptake was measured at 2, 3, 4, and 6 min. Initial
uptake rates were calculated by linear regression from
these points along with the estimated zero time as
described above. In these experiments, the initial up-
take rates of 1 mM loracarbef was 0.94 + 0.14 and 1
mM cefixime was 0.55 + 0.14 nmol /min per mg pro-
tein. Percent inhibition was calculated based on the
uptake rate measured in the absence of inhibitor for
each experiment. The distribution ratio is the intra-
cellular drug concentration /extracellular drug concen-
tration determined at 37°C [1]. Alternatively, uptake
was measured at 4 min for loracarbef and 6 min for
cefixime and cefuroxime axetil; values were corrected
for trapped water. Kinetic parameters for the concen-
tration-dependence of uptake were determined by a
general nonlinear curve-fitting procedure, a Marquardt
algorithm (IBM Share No. 3094; [27]). The non-satura-
ble component (K,) was estimated by measuring the
uptake rate at 4°C.

3. Results

Time course for drug accumulation

As a first step in the characterization of the uptake
of loracarbef, cefixime, and cefuroxime axetil, Caco-2
cells were incubated over a 2 h time course with drug
in flux buffer at pH 6.0 which is within the reported pH
range of the small intestine of 5.5-6.3 [28,29]. As
shown in Fig. 2A, uptake of both 1 mM loracarbef and
1 mM cefixime was more rapid at 37°C than 4°C. At
37°C, loracarbef uptake was linear for the first four
minutes and reached a plateau within 0.5 h. By con-
trast, cefixime uptake was linear for six minutes and
reached a maximum plateau within 0.5 h. Uptake of
both of these drugs was substantially reduced at 4°C
and the intracellular concentration was not at equilib-
rium within the 2 h incubation period. A comparison of
the the ability of Caco-2 cells to concentrate these
drugs intracellularly is presented in Table 1. Cefixime
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Fig. 2. Time-dependence of drug uptake into human intestinal Caco-2
cells. Cells were incubated with 1 mM drug for up to 2 h at 37°C
(solid symbols) and 4°C (open symbols). (A) Uptake of loracarbef
(circles) and cefixime (triangles). Curves are representative of eight
or four independent experiments for loracarbef and cefixime, respec-
tively. (B) Uptake of cefuroxime axetil (circles) and cefuroxime
(triangles). Curves are representative of two independent experi-
ments.

was accumulated less well than loracarbef, cephalexin
or cefaclor.

Next, Caco-2 cells were incubated at 37°C with 1
mM cefuroxime axetil, the ester prodrug of cefuroxime,
or with 1 mM cefuroxime, the parent drug. Initial
experiments suggested that the prodrug was hydrolyzed

Table 1
The ability of human intestinal Caco-2 cells to concentrate 8-lactam
antibiotics intracellularly

B-Lactam Distribution ratio
Loracarbef 39+05
Cephalexin 354012
Cefaclor 32+03"%
Cefixime 1.6+07°¢

Cells were incubated with 1 mM of each antibiotic at 37°C for up to
2 h in sodium-free flux buffer (pH 6.0). Values represent the mean +
S.E. of duplicates measured in eight or four independent experi-
ments for loracarbef and cefixime, respectively.

? As previously reported [1].

" As previously reported [2).

¢ Significantly different (P < 0.02) than loracarbef by Student’s t-test.



10 A.H. Dantzig et al. / Biochimica et Biophysica Acta 1191 (1994) 7-13

Tabie 2
Effect of energy poisons and protonophores on drug uptake

% Inhibition

Incubation condition

loracarbef  cefixime cef. axetil

Oligomycin (25 g /ml) 56+152 46+3* N.D.?
Sodium azide (10 mM) 76+ 15¢ 81+2° 2042
2,4-Dinitrophenol (0.5 mM) 89+152 70422 —7+48°¢
Nigericin (10 pg /ml) 53+16 66+42 N.D."
FCCP (10 pg/ml) 764153 75+298  14+1

Drug uptake (1 mM) was measured in sodium-free buffer (pH 6.0)
containing choline chloride. Cells were incubated for 15 min with the
indicated compound prior to measuring uptake. Loracarbef uptake
was measured for 4 min; cefixime and cefuroxime axetil uptake were
each measured for 6 min. The uptake rate for untreated cells in
sodium-free buffer was 1.03, 0.46, and 3.33 nmol /min per mg protein
for loracarbef, cefixime, and cefuroxime axetil, respectively. Values
represent the mean+ S.E. of triplicate determinations measured in
two or three independent experiments.

* Significantly different (P < 0.05) from untreated cells (Student’s
t-test).

® Not determined.

¢ Not significantly different (P > 0.5) from untreated cells (Student’s
t-test).

rapidly intracellularly to the parent drug, cefuroxime,
since the presence of cefuroxime axetil was not de-
tected even at the earliest time points in cell extracts.
Consequently, the uptake of cefuroxime axetil was de-
termined by following the appearance of cefuroxime
intracellularly. When cells were incubated at 37°C with
1 mM cefuroxime axetil, the appearance of cefuroxime
intracellularly was much more rapid than when incu-
bated at 4°C or when cells were incubated with ce-
furoxime at 37°C (Fig. 2B).

Effect of energy poisons and protonophores

In order to determine whether drug uptake is en-
ergy-dependent or dependent on the inwardly directed
pH-gradient that exists across the plasma membrane,
the effect of metabolic inhibitors and protonophores
was examined on the uptake of loracarbef, cefixime,
and cefuroxime axetil. Table 2 summarizes the results
of those studies. The uptake of 1 mM loracarbef and 1
mM cefixime was inhibited significantly by incubation
of Caco-2 cells with energy poisons, oligomycin, sodium
azide, and 2,4-dinitrophenol. Uptake of both drugs was
also significantly inhibited by the presence of the
protonophores, nigericin and FCCP. By contrast, incu-
bation of Caco-2 cells with these inhibitors had little to
no affect on the uptake of 1 mM cefuroxime axetil.

Effect of dipeptides, amino acids and other inhibitors on
drug uptake

Next, drug uptake was examined in the presence of
several dipeptides, amino acids, and other inhibitors.
Table 3 summarizes the effect of these inhibitors on
the uptake of 1 mM loracarbef, 1 mM cefixime, and 1

mM cefuroxime axetil. The uptake of loracarbef and
cefixime was significantly inhibited by the presence of
dipeptides. A ten-fold higher concentration of Gly-D-
Phe than Gly-L-Phe was required to achieve the same
level of inhibition. Uptake was not affected by the
presence of either of the amino acids examined or by
the presence of the agents, PAH, furosemide, SITS, or
DIDS. By contrast, cefuroxime axetil uptake was re-
duced only slightly or not all by the presence of dipep-
tides and these other compounds. These results suggest
that the uptake of loracarbef and cefixime are medi-
ated by a transport carrier, whereas, the uptake of
cefuroxime axetil is likely to be by passive diffusion.

Kinetic analysis of loracarbef and cefixime uptake

To further characterize the transport mechanisms
responsible for the absorption of loracarbef and ce-
fixime, initial uptake rates were measured over a wide
concentration range at two temperatures 37°C and 4°C.
Uptake rates measured at 4°C were used to estimate
the non-saturable component due to simple diffusion.
As shown in Fig. 3A, the uptake rate at 37°C of
loracarbef increased with increasing concentrations and
then appeared to saturate; whereas, the uptake rate
was reduced substantially at 4°C and did not appear to

Table 3

Effect of dipeptides, amino acids, and organic anions and other
inhibitors on the uptake of loracarbef, cefixime, and cefuroxime
axetil

Compound Conc. % Inhibition
(mM) loracarbef  cefixime  cef. axetil
Dipeptides
Gly-L-Pro 10 86+15* 80+10° 6+1
L-Phe-Gly 10 91+15% 67+ 4* —1+8°
Gly-L-Phe 1 63+15* 73+ 7% N.D.¢
Gly-L-Phe 10 924+15* 83+ 4% N.D.
Gly-D-Phe 1 224+ 5% 54410* N.D.
Gly-D-Phe 10 74+16* 75+ 5% N.D.
Carnosine 10 69+15* 70+ 5% N.D.
Amino acids
L-Proline 10 —-16+10 204+ 4° —4427Y

L-Phenylalanine 10 13+13% 234+ 42 N.D.

Organic anions

PAH 1 —-33+16 25+ 8% —11+49

Furosemide 1 35+15 5+ 5% N.D.
Inhibitors

SITS 1 32416 7+ 4% —541P

DIDS 1 —-4+16° 15+ 4° ND.

Uptake of 1 mM drug was measured at 37°C in the absence and the
presence of the indicated compound in sodium-free flux buffer (pH
6.0). Uptake was measured for 4 min for loracarbef and for 6 min for
cefixime and cefuroxime axetil. Values represent the mean+ S.E. of
triplicate determinations measured in two or three independent
experiments.

# Significantly different (P < 0.05) from the control (Student’s -test).
° Not significantly (P > 0.5) different from the control (Student’s
t-test).

¢ Not determined.
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Fig. 3. Concentration-dependence of loracarbef and cefixime uptake.
Initial uptake rates were measured at 37°C and 4°C. The units for
the uptake rate are nmol/min per mg protein. The curve is the
computer fit of the data to the sum of one Michaelis-Menten term
plus a non-saturable term (Eq. (1)). Curves are representative of two
independent experiments. (A) Concentration-dependence of loracar-
bef uptake. Initial rates of uptake were measured over the concen-
tration range of 0.5-25 mM. An Eadie-Hofstee plot (inset) of the
uptake rates after correction for the non-saturable portion of uptake.
The line was drawn by the method of least squares. (B) Concentra-
tion-dependence of cefixime uptake. Initial uptake rates were mea-
sured over the concentration range of 1-50 mM. Uptake rates
determined at 37°C were corrected for uptake rates measured at 4°C
are shown (solid squares).

saturate over this concentration range. An FEadie-
Hostee plot of these data after correcting for diffusion
indicated the presence of a single transport system.
When the uptake rates of cefixime were measured at
the two temperatures, the uptake rate at 37°C ap-
peared to saturate with increasing drug concentraions
and the rates were greater than those measured at 4°C
(Fig. 3B). Subsequently, the uptake rates were fitted to
a Michaelis-Menten term and a non-saturable term:
Vmax[S]

v Km + [S] +Kd[s] (l)
where v is the velocity of uptake, [S] is the substrate
concentration, V.. is the maximum turnover rate, K

max

Table 4

Kinetic parameters for 8-lactam uptake

Drug Viax Kp® K€
Loracarbef 6.5+0.3 8.1+ 0.9 0.19
Cephalexin ¢ 6.5+0.9 75+ 2.8 0.18
Cefaclor € 7.6+0.9 76+ 1.5 0.09
Cefixime 2.0+0.7 17.4+ 144 0.17

? nmol /min per mg protein.
b
mM.
¢ nmol/min per mg protein per mM.
4 Reported in Ref. [1].
¢ Reported in Ref. [2].

is the substrate concentration at which the velocity is
half maximal, K, is a constant for a non-saturable
component. Table 4 summarizes the kinetic parameters
obtained for the uptake of loracarbef and cefixime
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Fig. 4. Dixon-Webb plots. Initial rates of drug uptake were measured
at 1 and 3 mM in the presence of increasing concentrations of the
competing drug which is indicated on the abscissa. The units on the
ordinate are (min per mg protein)/nmol. Each point represents the
average of duplicate values. Values were not corrected for diffusion.
The plot is representative of two independent experiments. Lines
were drawn by linear regression of the points for each drug concen-
tration. The K; was determined from the intersection of the two
lines.
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along with parameters for the uptake of cephalexin and
cefaclor determined in earlier studies [1,2].

Next, to determine if loracarbef and cefixime share
the same transport mechanism, competition studies
were conducted. The uptake rate of each drug was
measured at 1 mM and 3 mM in the presence of
increasing concentrations of the second drug. Dixon-
Webb plots of the data were prepared for both loracar-
bef and cefixime as shown in Fig. 4. Loracarbef uptake
was competitively inhibited by the presence of cefixime
with a K, of 244417 mM; cefixime uptake was
competitively inhibited by the presence of loracarbef
with a K, of 11.6 + 2.1 mM.

4. Discussion

The present study examines the absorption of three
oral B-lactam antibiotics, loracarbef, the new carba-
cephem antibiotic, cefixime and the prodrug, cefurox-
ime axetil into human intestinal Caco-2 cells. This is
the first report of the mechanism responsible for the
uptake of loracarbef into intestinal cells. In these stud-
ies, Caco-2 cells took up loracarbef much better than
cefixime and also took up the ester prodrug cefuroxime
axetil much better than the parent drug, cefuroxime.
Both loracarbef and cefixime entered the intestinal
enterocyte by simple diffusion and a carrier-mediated
pathway. By contrast, the oral ester prodrug, cefurox-
ime axetil, entered the cell by simple diffusion and
much more rapidly than the parenteral parent drug,
cefuroxime. These findings are consistent with clinical
studies that loracarbef is better absorbed orally than
cefixime, and that cefuroxime axetil is absorbed orally
while its parent drug, cefuroxime, is not.

The uptake of both loracarbef and cefixime was
mediated by the proton-dependent peptide transporter
that is responsible for the uptake of di- and tripeptides
and many orally administered cephalosporin antibi-
otics. (a) Uptake of both drugs was sodium-independ-
ent and temperature-, energy-, and proton-dependent
[30-34]. (b) Uptake was inhibited by peptides and not
amino acids or inhibitors of the renal organic anion
transporter [32,33,35,36]. (¢) In addition, uptake was
reduced more in the presence of the L-stercoisomer
than the p-stereoisomer of Gly-Pro, indicating a pref-
erence for the rL-isomer [32]. (d) The concentration
dependence of uptake indicated that the maximal
turnover rate (V) and the affinity (K, ) for loracar-
bef were, respectively, 6.5 nmol /min per mg protein.
and 8.1 mM. These values are quite similar to the
kinetic parameters for two other well absorbed pB-
lactam antibiotics, cephalexin and cefaclor (Table 4;
Refs. [1,2]). The K, for loracarbef is in excellent
agreement with the K; values that were determined in
competition studies of cephalexin and cefaclor uptake,

respectively, 7.7 and 6.4 mM {[2]. By contrast, kinetic
parameters for cefixime uptake were considerably dif-
ferent from those for loracarbef; the V_, was 2
nmol /min per mg protein. and the K, was 17 mM. (e)
Furthermore, competition studies indicate that loracar-
bef and cefixime are competitive inhibitors of each
other’s uptake with K, values of 11.6 and 24 mM,
respectively, also in close agreement with their K
values. Taken together, these data indicate that lo-
racarbef and cefixime share a common transport mech-
anism, the intestinal proton-dependent dipeptide
transporter which is also responsible for the uptake of
cephalexin and cefaclor into intestinal cells [1,2]. This
intestinal transporter has also been shown to be re-
sponsible for the uptake of cefixime in studies employ-
ing rat brush border membrane vesicles [17,18,37-39].

Although the intestinal proton-dependent peptide
transporter takes up both loracarbef and cefixime, ce-
fixime uptake is considerably less than loracarbef. Af-
ter a 2 h incubation, the cells concentrated cefixime to
a level that was only 41% of loracarbef (1.6 versus
3.9-fold, respectively). This is in agreement with an
earlier report that cefixime was accumulated to only
40% of the level of cephalexin in Caco-2 cells [17]. The
reduced ability to accumulate cefixime is likely to be
due to differences in the kinetic parameters of the
transporter for these drugs. The maximal turnover rate
for cefixime is ~30% of that of loracarbef and
cephalexin, and the affinity for cefixime appears to be
poorer 17-24 mM versus an affinity of 7-8 mM (Table
4). Thus, the difference in uptake is largely due to a
reduced turnover rate of the transporter for cefixime
as well as a decreased affinity for cefixime. Evidently
an a-amino group to the peptide bond in the side
chain of the B-lactam is not absolutely required for
uptake by the transporter as previously proposed [40].
Its presence may, however, permit the carrier to take
up the substrate more efficiently.

Next the uptake of two other B-lactams, the prodrug
cefuroxime axetil and the parenteral drug cefuroxime,
were examined (Fig. 1). Both B-lactams lack a free
a-amino group in their side chain; neither enters the
cell by a carrier-mediated pathway. Uptake of the
prodrug was not sodium- or energy-dependent nor was
uptake affected by the presence of dipeptides, amino
acids, or other inhibitors. Even though uptake was not
carrier-mediated, cefuroxime axetil entered the intesti-
nal cell much more rapidly than the parent drug,
cefuroxime, and higher intracellular concentrations
were achieved than loracarbef or cefixime (Fig. 2). The
enhanced diffusion of the ester prodrug relative to the
parent drug may result from the increased lipophilicity
due to the replacement of the 1-carboxyl group with
the uncharged 1-acetoxyethyl ester side chain. In our
studies, cefuroxime axetil apparently diffused readily
into the cell where it was rapidly hydrolyzed presum-
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ably by esterases to the less lipophilic parent drug
whose exit from the cell was much slower than the
entry of the prodrug. The apparent accumulation of
cefuroxime (axetil) within the cell is due to differences
in the lipophilicities of the parent drug and the ester
prodrug. Thus, cefuroxime would be expected to be
‘trapped’ intracellularly. The unusually high drug con-
centration that can be trapped intracellularly might be
expected to give better absorption than what is actually
observed clinically. Hydrolysis of the ester prodrug in
the intestinal lumen by esterases as previously reported
[22,41] liberates cefuroxime in the gastrointestinal tract
and thereby reduces the luminal cefuroxime axetil con-
centration resulting in reduced absorption of the pro-
drug. Hydrolysis in the intestinal lumen, no doubt,
contributes to cefuroxime axetil’s moderate oral
bioavailability in man of 36-50%.

In summary, human intestinal Caco-2 cells took up
loracarbef, cephalexin, cefaclor, much better than ce-
fixime in excellent agreement with their known
bioavailabilities in man. All four of these B-lactam
antibiotics are taken up by a common transport mecha-
nism, the intestinal proton-dependent peptide trans-
porter. Decreased cefixime uptake is due to a reduced
ability of the transporter to turn over when cefixime is
bound as compared to the other antibiotics. This ap-
parently reduces its bioavailability so that it is only
moderately absorbed orally in man. In addition the
transport of cefuroxime axetil was much greater than
the parent parenteral agent, cefuroxime. Cefuroxime
axetil was hydrolyzed rapidly intracellularly to cefurox-
ime. Together these data indicate that the human
intestinal cell line is an excellent in vitro model for the
study of absorption mechanisms for new peptidyl-drugs.
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