
Increases in Bioavailability of Poorly Absorbed Drug by
Acylcarnitine

MIKIO TOMITA, NOBUYUKI DOI, AOI KIMURA, MASAHIRO HAYASHI

Department of Drug Absorption and Pharmacokinetics, School of Pharmacy, Tokyo University of Pharmacy and Life Sciences,
Hachioji, Tokyo 192-0392, Japan

Received 16 January 2012; revised 28 April 2012; accepted 4 May 2012

Published online 7 June 2012 in Wiley Online Library (wileyonlinelibrary.com). DOI 10.1002/jps.23214

ABSTRACT: We examined the effect of acylcarnitines on the in situ bioavailability of lucifer
yellow (LY) from the loops of small and large intestines of rats. The area under the blood
concentration of LY versus time curve (AUC) from the jejunum was significantly increased by
the treatments of the loop with 100:M lauroylcarnitine (LC) or 100:M palmitoylcarnitine (PC)
(fourfold and 17-fold, respectively). No marked change in the expression of claudin-4 protein
was observed by the treatments. On the contrary, the expression of P-glycoprotein (P-gp) was
decreased by the treatment, more greatly by PC than by LC, suggesting that increases in the
bioavailability of LY by LC and PC are associated with the decreased expression of P-gp in
jejunum. The increase in the bioavailability was also observed for colon by the treatment of LC,
but not that of PC. LC decreased the expression of claudin-4 protein, whereas PC decreased
the expression of P-gp in colon. Therefore, LC and PC appear to have different impact on the
intestinal transporters depending on the site (i.e., jejunum and colon). © 2012 Wiley Periodicals,
Inc. and the American Pharmacists Association J Pharm Sci 101:3511–3517, 2012
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regional difference; claudin-4; P-glycoprotein

INTRODUCTION

For intestinal absorption of water-soluble and less
lipophilic drugs, the paracellular route through the
tight junction (TJ) to the lateral intercellular space
is considered an effective absorption route.1 As ef-
fective absorption enhancers, lauroylcarnitine (LC)
and palmitoylcarnitine (PC) have been reported to
enhance the absorption of a hydrophilic compound by
widening the TJ on the basis of claudin-4 expression
level and dysfunction, including P-glycoprotein (P-gp)
expression level,2–4 as well as by perturbing the brush
border membrane.5 LC and PC were also reported to
increase intestinal permeability, inducing claudin-4
depletion and decreasing the electric membrane re-
sistance, resulting in increased permeability of hy-
drophilic compounds in Caco-2 cell monolayers.2,6

Because all of these results were observed in ex-
perimental animal and human tissues using in vitro
sheet and in vitro cultured cell systems, we compared
the effects of the absorption enhancers LC and PC
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on the intestinal absorption of lucifer yellow (LY) as
a poorly absorbed model compound using the in situ
loop technique in rat. In particular, the applied con-
centrations of LC and PC on the basis of their safety
in practical use and regional differences in absorption
effects were examined.

MATERIALS AND METHODS

Materials

Lauroylcarnitine, PC, and LY were purchased from
Sigma Aldrich Company Ltd. (St. Louis, Missouri).
All other reagents were of analytical grade or higher.

Animals and Experimental Design

Male Wistar rats (8 weeks old) were purchased from
Japan SLC Ltd. (Shizuoka, Japan). All the animal
experiments were performed in accordance with the
guidelines of Tokyo University of Pharmacy and Life
Science. The animals were acclimatized for 2 days be-
fore assignment to experimental groups at 7–9 weeks
of age (200–300 g), and were housed in wire-bottom
cages to avoid contact with fecal excrement, in a clean
room maintained at 23 ± 2◦C with relative humidity
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of 55 ± 10% and a 12-h light–dark cycle. Rats were
allowed free access to regular animal diet and drink-
ing water, with the exception of food deprivation
overnight before the experiment. The rats used in this
study were handled in accordance with the guidelines
of Tokyo University of Pharmacy and Life Sciences.

Absorption Experiments Using the In Situ Loop Method

Intestinal absorption was evaluated by the method
described in our previous report.7 Rats were fasted
overnight and fixed in a supine position under
anesthesia with sodium pentobarbital (50 mg/kg, in-
traperitoneal). After laparotomy by a middle incision,
a 10-cm-long segment from the duodenum to upper
jejunum (15 cm length from Treiz’s ligament), or from
the proximal colon to the distal colon was isolated. The
lumen of the segment was washed with prewarmed
physiological saline using a syringe, and the remain-
ing saline solution was expelled with air. Both ends
were carefully ligated with sutures using polyethy-
lene cannula (outer diameter 0.8 mm, inner diameter
0.5 mm) into the lumen to inject drug solution so as to
preserve the vascular supply. Five milliliters of Krebs
Henselite bicarbonate buffer (KHBB; 141 mM NaCl,
5 mM KCl, 1.2 mM CaCl2, 1.2 mM MgCl2, 25 mM
H2CO3, 0.4 mM NaH2PO4, K2HPO4, 25 mM glucose;
pH 7.4) solution containing LY (5:M) with or with-
out verapamil, LC or PC was administered into the
loop. We used verapamil for P-gp inhibitor in this
paper because verapamil in vivo experiments have
been confirmed as a specific inhibitor8 for several
years. The concentrations of LY as a model compound
of poorly absorbed marker were measured using a
fluorescent spectrophotometer (HITACHI FP-6500;
HITACHI, Tokyo, Japan) with excitation and emis-
sion wavelengths of 490 and 520 nm, respectively.
Blood samples (0.3 mL) were collected every 15 min
up to 120 min after the intraloop administration of
drug solution, and the intravenous (i.v.) cannula was
filled with heparin solution (100 U/mL in physiologi-
cal saline) during sampling intervals. Blood samples
were transferred to tubes containing 5 units of hep-
arin and centrifuged (600 g, 15 min). The plasma sam-
ples obtained were stored at 4◦C until analysis.

Pharmacokinetic Analysis of Plasma Concentration of
LY after i.v. and Intraluminal Administration

Area under the plasma concentration–time curve
from 0 min to infinity (AUC0→∞) was calculated by
the trapezoidal method. Absorption ratio (F) of LY
was obtained by the ratio of AUC0→∞ after intralumi-
nal administration (AUC0→∞,loop) to that after i.v. ad-
ministration (AUC0→∞,i.v.). The mean residence time
(MRT) was also calculated by trapezoidal rule based
on the statistical moment theory.9 The mean absorp-
tion time (MAT) was obtained by the difference be-

tween MRT of LY after intraluminal administration
(MRTloop) and that after i.v. administration (MRTi.v.).

Determination of P-gp Level Using Western Blot
Analysis

An in situ ileum loop (10 cm in length) was pre-
pared in each rat and KHBB solution with or with-
out acylcarnitine (100:M) (pH 7.4) was adminis-
tered into the loop (5.0 mL). At 60 min after admin-
istration, the crude membrane fractions were pre-
pared from the jejunum using magnesium chloride
precipitation.10,11 Briefly, the luminal contents of je-
junum were thoroughly washed out with a sufficient
amount of ice-cold saline and the jejunum was divided
into several parts of the same length. The jejunal
mucosal surface was scraped off with a slide glass.
The collected mucosa was homogenized in a buffer
containing 0.05 mg/mL phenylmethylsulfonylfluoride
(PMSF), 300 mM mannitol, 12 mM Tris, and 5 mM
ethylene glycol tetraacetic acid) (pH 7.1) with a tis-
sue homogenizer. An aqueous solution of 10 mM mag-
nesium chloride was added to the homogenate. The
homogenate was centrifuged at 3000 g for 10 min.
The supernatant was then centrifuged at 42,000 g for
30 min. The pellet was resuspended in 300 mM man-
nitol, 20 mM HEPES), 10 mM Tris, and 4 mM magne-
sium chloride (pH 7.4). The protein expression levels
of P-gp in the crude membrane fraction were evalu-
ated by Western blotting. Western blotting using C219
monoclonal antibody (Alexis, San Diego, California)
for P-gp was performed as reported previously.12

Determination of Claudin Protein Level Using Western
Blot Analysis

Crude membrane fractions were homogenized in a
storage buffer containing 19 mM KH2PO4, 81 mM
K2HPO4, 1 mM ethylenediaminetetraacetic acid dis-
odium salt, 1 mM dithiothreitol, 20% glycerol, 20:M
butylated hydroxytoluene, and 0.5 mM PMSF us-
ing a sonication homogenizer. Claudins in the deter-
gent solubilization samples were detected by Western
blot analysis. For the samples solubilized by the de-
tergent, we determined the protein amount by the
Lowry method and loaded equal protein amounts in
each well. Sodium dodecyl sulfate-polyacrylamide gel
electrophoresis was conducted in 5%–20% (w/v) gra-
dient polyacrylamide gels and then the separated
proteins on the gel were electrophoretically trans-
ferred onto polyvinylidene difluoride membranes as
described by Tsuji and coworkers.13 The membranes
were blocked with milk protein-based BlockAceTM

(Dainippon Pharmaceutical Company, Osaka, Japan)
for 20 min with vigorous shaking followed by washing
three times with phosphate-buffered saline contain-
ing 0.1% Tween 20. They were then incubated with
appropriate antibodies overnight at 4◦C. After wash-
ing, the membranes were incubated with horseradish
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peroxidase-conjugated secondary antibodies to detect
the primary antibodies. Specific bands were detected
using ECplus. The bands were quantified with CS
Analyzer (ATTO, Tokyo, Japan).

Lactate Dehydrogenase Assay

Cytotoxicity was examined using a cytotoxicity detec-
tion kit (MK401, TaKaRa R©; TaKaRa Bio Inc., Shiga,
Japan). Effects of LC and PC on the leakage of lac-
tate dehydrogenase (LDH) in jejunal (a) and colonic
(b) perfusate were examined. LDH leakage 60 min af-
ter collection of the jejunal and colonic epithelial cell
membrane after treatment of the system with 2% Tri-
ton X 100 (TX-100) is related to the value of 100%,
namely, maximum value of leakage.

Statistical Analysis

All the results are expressed as mean value ± stan-
dard error (Mean ± SE). Statistical significance be-
tween two groups was analyzed using Dunnett’s test,
and p values less than 0.05 were considered to be sta-
tistically significant.

RESULTS

Possibility of LY as a P-gp Substrate

In Figure 1, the absorption of LY after intestinal ad-
ministration was examined in the presence of vera-
pamil and its absence. The concentration of LY used
in this study was 5:M. Although the plasma concen-
tration of LY was very low in the absence of verapamil,
the coadministartion of 25:M verapamil remarkably
increased the plasma concentration of LY. These re-
sults suggest that LY is a substrate of P-gp.

Figure 1. Plasma concentration of lucifer yellow (LY) af-
ter jejunal administration in the presence of verapamil
(closed square) and its absence (closed circle). The lumi-
nal concentration of LY and verapamil is 5 and 25:M, re-
spectively. Each point with a bar represents the mean and
standard error (SE) of 4–6 experiments.

Table 1. Pharmacokinetic Parameters of Lucifer Yellow
Administered Intravenously to Acylcarnitine-Treated Rats

Parameters Control LC PC

AUC0→∞,i.v.
(mg mL−1 min)

129 ± 15 107 ± 5 144 ± 48

MRTi.v. (min) 3.28 ± 0.92 3.11 ± 0.52 3.98 ± 1.22

LC, lauroylcarnitine; PC, palmitoylcarnitine.
The concentration of acylcarnitines used in this study was 100:M.
AUC0→∞,i.v. was calculated by the trapezoidal method.
Each value represents the mean ± SE of six determinations.

Status after i.v. Administration

Plasma concentration–time profiles following i.v. ad-
ministration of LY were shown in Figure 2 and the
pharmacokinetic (PK) parameters are summarized in
Table 1. No marked change in PK parameters of LY
in LC- and PC-treated rats was observed when com-
pared with the control group.

PK Profile of LY after Treatment by Absorption Enhancer
in Jejunum

Time courses of the plasma LY concentration in the
control and absorption enhancer-treated rats after in-
trajejunal loop administration of LY are shown in Fig-
ure 3. Plasma LY levels in 100:M LC-treated rats
were higher than those of the control rats at 15, 30,
and 45 min sampling points (Fig. 3). On the contrary,
plasma LY levels in 100:M PC-treated rats were
higher up to 90 min (Fig. 3). Table 2 shows the PK
parameters of LY in the three groups. In rats treated
with LC and PC, there were about fourfold and 17-
fold increases in the AUC0→∞,loop, respectively, and
concurrent increases in the value of F compared with
those of control rats (Table 2). Decreases in MAT were
observed in the presence of LC and PC (Table 2).

Table 2. Pharmacokinetic Parameters of Lucifer Yellow
Administered to the Jejunal Loop in the Control, LC- or
PC-Treated Rats

Parameters Control LC PC

AUC0→∞,loop
(mg mL−1 min)

1.14 ± 0.17 4.60 ± 0.86∗ 18.9 ± 4.8∗,∗∗∗

F (%) 0.89 ± 0.11 4.29 ± 0.69∗ 13.2 ± 3.2∗,∗∗∗
MRTloop (min) 17.2 ± 5.7 12.2 ± 1.2 11.3 ± 2.0
MAT (min) 13.9 ± 4.6 9.13 ± 1.00∗∗ 7.30 ± 1.70∗∗,∗∗∗

LC, lauroylcarnitine; PC, palmitoylcarnitine.
The concentration of acylcarnitines used in this study was 100:M.
AUC0→∞,loop was calculated by the trapezoidal method. F (absorption

ratio) was obtained using AUC0→∞,loop/AUC0→∞,i.v..
MAT was obtained as the difference between MRTloop and MRTi.v..
Each value represents the mean ± SE of 4–10 determinations.
∗p < 0.05 versus control.
∗∗p < 0.01versus control.
∗∗∗p < 0.05 versus LC-treated rats.
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Figure 2. Plasma concentration–time curve of LY after intravenous administration to control
(open circle), lauroylcarnitine-treated rats (closed triangle) and palmitoylcarnitine-treated rats
(closed square). The concentration of lauroylcarnitine and palmitoylcarnitine used in this study
was 100:M. Each point with a bar represents the mean and SE of 4–10 experiments.

Figure 3. Plasma concentration–time curve of LY af-
ter administration to jejunal loop in the control (open
circle), lauroylcarnitine-treated rats (closed triangle) and
palmitoylcarnitine-treated rats (closed square). The concen-
tration of lauroylcarnitine and palmitoylcarnitine used in
this study was 100:M. Each point with a bar represents
the mean and SE of 4–10 experiments.

PK Profile of LY after Treatment by Absorption Enhancer
in Colon

Time courses of the plasma LY concentration in the
control and absorption enhancer-treated rats after
intracolon loop administration of LY are shown in
Figure 4. Plasma LY levels in 100:M LC-treated
rats were higher than those of the control rats at
15, 30, and 45 min sampling points (Fig. 4). By con-
trast, values for 100:M PC-treated rats were higher
than those of the control rats just at 15 and 30 min
(Fig. 4). Table 3 shows the PK parameters of LY in
the three groups. In rats treated with LC and PC,
there were about 4.2-fold and 1.4-fold increases in the
AUC0→∞,loop, respectively (Table 3). The enhancing ef-
fect of LC on LY absorption was larger than that of

Figure 4. Plasma concentration–time curve of LY af-
ter administration to colonic loop in the control (open
circle), lauroylcarnitine-treated rats (closed triangle) and
palmitoylcarnitine-treated rats (closed square). The concen-
tration of lauroylcarnitine and palmitoylcarnitine used in
this study was 100:M. Each point with a bar represents
the mean and SE of 4–10 experiments.

PC in the colon but not in the jejunum (Tables 2 and
3). In rats treated with LC, a tendency to decrease
was observed but the difference was not statistically
significant in MAT compared with that in the con-
trol rats (Table 3). No marked changes in MAT were
observed in the presence of PC (Table 3).

Effects of LC and PC on the Protein Components of TJ

The opening of TJ is primarily dependent on the com-
position of the TJ components, especially the com-
ponents responsible for the barrier function, such as
claudin-4. Thus, we particularly focused on the ef-
fects of 60 min treatment of LC and PC on the protein
expression level of claudin-4 (Fig. 5). The treatment
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Table 3. Pharmacokinetic Parameters of Lucifer Yellow
Administered to the Colon in the Control, LC- or PC-Treated Rats

Parameters Control LC PC

AUC0→∞,loop
(mg mL−1 min)

2.99 ± 0.73 12.6 ± 3.8∗ 4.25 ± 1.09

F (%) 2.33 ± 0.55 11.7 ± 3.4∗ 2.95 ± 0.73
MRTloop (min) 14.9 ± 1.0 12.7 ± 5.8 16.5 ± 1.3
MAT (min) 11.6 ± 0.8 9.60 ± 5.00 12.5 ± 1.1

LC, lauroylcarnitine; PC, palmitoylcarnitine.
The concentration of acylcarnitines used in this study was 100:M.
AUC0→∞,loop was calculated by the trapezoidal method. F (absorption

ratio) was obtained using AUC0→∞,loop/AUC0→∞,i.v.. MAT was obtained as
the difference between MRTloop and MRTi.v..

Each value represents the mean ± SE of 4–10 determinations.
∗p < 0.05 versus control.
∗∗p < 0.01 versus control.

with LC had a great impact on the distribution of
claudin-4 in colon (Fig. 5b). This protein expression
level of the colonic brush border membrane fraction
dramatically decreased (Fig. 5b). Unlike the claudin-4
in the presence of LC in colon, there was no signifi-
cant difference in claudin-4 both in the LC treatment
in jejunum (Fig. 5a) and in the presence of PC in both
jejunum (Fig. 5a) and colon (Fig. 5b).

Effects of LC and PC on the Protein Expression Level of
P-gp

We further examined changes in the expression level
of P-gp by treatment with LC and PC for 60 min
(Fig. 6). Significant decrease was found in P-gp in
the presence of PC in jejunum and the level of P-gp
in the presence of LC in jejunum showed a tendency
to decrease (Fig. 6a). LC had no effect on the level of
P-gp in colon (Fig. 6b). On the contrary, PC decreased
its expression level in colon (Fig. 6b).

Effects of LC and PC on Leakage of LDH in Perfusate

To demonstrate the effects of LC and PC on cytotoxic-
ity, the leakage of LDH from jejunal and colonic mem-
branes was examined. No marked change in LDH re-
lease was observed for less than 100:M LC and PC
(Fig. 7).

DISCUSSION

In this study, LY was used as a probe compound
for poorly absorbed drug, because LY is not metab-
olized by hepatic enzyme after entry to the systemic
circulation. Also, LY is known as a permeable com-
pound through the paracellular route. In this study,
the possibility that LY is a P-gp substrate was ex-
amined using in situ method (Fig. 1). The plasma
concentration after intestinal administration of LY
(luminal concentration, 5:M) was very low. However,
the coadministartion of verapamil (luminal concen-
tration, 25:M), a representative P-gp substrate, re-
markably enhanced the plasma concentration of LY,

Figure 5. The level of claudin-4 protein in jejunal (a)
and colonic (b) epithelial brush border membrane frac-
tions determined by Western blotting. Values shown rep-
resent the mean and SE for three experiments per group.
∗Significantly different from the data for control (p < 0.05).

suggesting LY to be a substrate of efflux transporting
systems, especially P-gp. Also in our previous studies,
the basal-to-apical (secretary) transport of LY (10:M)
was six times greater than the apical-to-basal (ab-
sorptive) transport in Caco-2 cells,4 where P-gp is
overexpressed. These in situ and in vitro results show
that LY can be used a P-gp substrate, a permeable
compound through the transcellular route as well as
the paracellular route.

The plasma concentration and AUC0→∞,i.v. of LY
after i.v. administration did not change significantly
after intraluminal administration of LC and PC when
compared with the control condition (Fig. 2 and Ta-
ble 1). No effect of LC and PC on the status of LY after
i.v. administration was found.

In the present study, it was demonstrated that the
F of LY from jejunal epithelial membrane was in-
creased by about fourfold and 17-fold when compared
with AUC0→∞,loop, in the presence of LC and PC, re-
spectively (Fig. 3 and Table 2). However, PC in colon
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Figure 6. The level of P-gp protein in jejunal (a) and
colonic (b) epithelial brush border membrane fractions
determined by Western blotting. Values shown repre-
sent the mean and SE for three experiments per group.
∗Significantly different from the data for control (p < 0.05).
∗∗Significantly different from the data for control (p < 0.01).

did not induce any significant change in MRTloop and
MAT, including LY bioavailability (Fig. 4 and Table
3). These findings indicate that the applications of
LC and PC in jejunum and LC in colon have marked
effects on the improvement of bioavailability of LY as
a poorly absorbed compound.

In the present study, it was demonstrated that the
MAT of LY was decreased by LC and PC in jejunum
(Table 2). Using the same concentration of LC and
PC as in this study, we recently reported that LC and
PC increase the permeation clearance of LY in the
apical to basal direction through TJ opening and/or
dysfunction, as well as reduction of the expression
level of P-gp in Caco-2 cell monolayers.2,4

On the contrary, the rat intestine that expresses
the claudin family is widely used for the study of
TJs including claudin-4.14 In the present study, we
employed rat intestinal loop technique to examine
the relationship in the in vivo system between the

Figure 7. Effects of lauroylcarnitine and palmitoylcar-
nitine on the leakage of lactate dehydrogenase (LDH) in
jejunal (a) and colonic perfusate. LDH leakage 60 min af-
ter collection of the jejunal and colonic epithelial cell mem-
brane after treatment of the system with 2% Triton X 100
is related to the value of 100%, namely, maximum value of
leakage. Data represent means and SE (n = 6–8 for each
condition). ∗∗Significantly different from the data for control
(p < 0.01).

absorption-enhancing effect of LC and PC and the
expression level of claudin-4. We examined the ex-
pression level of TJ proteins in plasma membrane by
solubilization using TX-100 as a nonionic detergent.
The applied concentration of LC and PC was fixed
to 100:M for 60 min to achieve TJ opening. Under
the addition of LC, the expression level of claudin-4
in colon decreased significantly (Fig. 5b). In the pre-
vious study, LC and PC induced the displacement of
claudin-4 from lipid raft containing insoluble fraction
in Caco-2 cell monolayers.4 In the present study, the
effects of LC and PC on the expression level of pro-
teins varied in a manner dependent on the kind of
proteins: the effects of LC in colon tended to be greater
for claudin-4 (Fig. 5b). In particular, claudin-4 can be
considered to be affected by the F of LY induced by LC
in colon (Fig. 5b). As for the effect of LC treatment in
colon, claudin-4 was considered to be decreased from
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plasma membrane (Fig. 5b). From these results, it can
be considered that the mechanism of action of LC in
colon is similar to that of LC in Caco-2 cell monolay-
ers regarding the protein levels of claudin-4 and TJ
function.

Previously, restoration of the barrier function by re-
plenishment of TJ proteins in plasma membranes in-
dicated that the LC and PC effect on the barrier func-
tion is reversible in Caco-2 cell monolayers.4 These
observations suggest the close relationship between
barrier function of TJs and claudin-4 (Fig. 5). Because
LC had significant effects in terms of decreasing the
level of protein of claudin-4 in colon but not in je-
junum, the detailed site-specific action of LC requires
further investigation.

In the present study, we examined the relationship
between the increases in F of LY and the profile of
expressed P-gp in rat jejunal and colonic membranes
in the presence of LC and PC. The expression of P-gp
significantly influences the F of LY through jejunal
absorption induced by LC and PC (Fig. 6a). The de-
crease of claudin-4 expression level by LC and PC
treatment was not observed in jejunum (Fig. 5a), sug-
gesting that LC and PC have common mechanisms of
action to modulate the expression level of P-gp. How-
ever, our data indicated significant influence of PC
treatment on the decrease of P-gp expression level in
colon (Fig. 6b). The difference of the influence on P-gp
expression level is considered to be related to the dif-
ference of critical micellar concentration between LC
and PC (1.2 and 0.075 mM, respectively). Our present
data can be explained partly by the contribution of
paracellular transport and transcellular transport by
secretory transporter in the intestine. The inhibitory
action of verapamil is not limited to P-gp. Therefore,
acylcarnitines is considered to have some effects on
modulation of the function of P-gp or other efflux
transporters. Although it is considered that adeno-
sine triphosphate-binding cassette transporter such
as P-gp makes a substantial contribution to the secre-
tory transport, the contribution of the other secretory
transporters and absorptive transporters, which have
not been identified yet, can be well considered.

In the present experiments, no changes in leakage
of LDH were observed for less than 100:M concen-
trations of LC and PC in jejunum and colon (Fig. 7).
This is because the concentration of LC and PC used
as absorption enhancers in this study is expected to
be closely related to the clinically safe and necessary
amount of these compounds.

CONCLUSION

Our results demonstrate that absorption enhance-
ment of LC involves down-regulation of a specific

TJ protein, claudin-4, in colon. On the contrary,
P-gp function and expression level are down-
regulated by PC in jejunum. These findings offer pro-
found insight into the detailed mechanism of action
of acylcarnitines on the TJ proteins and efflux trans-
porters such as P-gp. Those results indicated, the clin-
ical use of LC and PC as excipients for the inhibition of
intestinal P-gp and other efflux transporters is useful
in the improvement of the oral bioavailability.
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