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Oral drug delivery is generally the most desirable means of administration, mainly because of patient acceptance,
convenience in administration. Intestinal absorption mechanisms of anionic drugs have been mainly explained by the
passive diffusion of nonionized compounds. However, several studies have suggested the involvement of specific trans-
porters in intestinal absorption of weak acids including monocarboxylates. (—)-N- (¢rans-4-Isopropylcyclohexanecar-
bonyl) -D-phenylalanine (nateglinide) is a oral hypoglycemic agent possessing a carboxyl group and a peptide-type bond
in its structure. Although nateglinide quickly reaches the maximal serum concentration after oral administration,
nateglinide itself is not transported by PepT1 or MCT1. We demonstrated that nateglinide transport occurs via a single
system that is H™ dependent but is distinct from PepT1 or MCT1. In clinical, patients usually take many kinds of drugs
at the same time. Thus, drug-drug interactions involving transporters can often directly affect the therapeutic safety and
efficacy of many drugs. However, there have been few studies on food-drug interactions involving transporters. Dietary
polyphenols have been widely assumed to be beneficial to human health. Polyphenols are commercially prepared and
used as functional foods. We reported that ferulic acid, which is widely used as a functional food, affects the transport of
clinical agents. The major dose-limiting toxicity after administration of irinotecan hydrochloride, 7-ethyl-10-(4-[1-
piperidino] -1-piperidino) -carbonyloxycamptothecin (CPT-11) is severe diarrhea. We have found that a specific trans-
port system mediates the uptake of active metabolite 7-ethyl-10-hydroxycamptothecin (SN-38) across the apical mem-
brane in Caco-2 cells. Baicalin and sulfobromophthatlein inhibit this transporter. Inhibition of this transporter would be
a useful means for reducing late-onset diarrhea.
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Fig. 1. Inhibitory Effect of Ceftibuten on Nateglinide Uptake

(A) Inhibitory effects of PepT1 substrates on the uptake of nateglinide into rat intestinal brush-border membrane vesicles. Uptake of 100 uM nateglinide into
brush-border membrane vesicles was measured for 30 s with or without (control) inhibitors. Membrane vesicles were suspended in 100 mM D-mannitol, 100 mM
KCl, and 20 mM MES/Tris (pH 5.5) or 20 mM HEPES/Tris (pH 7.5). The substrate mixture contained 100 mM D-mannitol, 120 uM nateglinide, 100 mM KClI,
and 20 mM MES/Tris (pH 5.5) in the presence of various compounds. Uptake values in the absence of an inwardly directed H* gradient were subtracted from
those in the presence of an inwardly H* gradient. Each column represents the mean with S.D. of three to nine preparations. The control value for the uptake of
nateglinide was 1.16+0.15 nmol/mg of protein/30 s. **p<(0.01, significantly different from the control. (B) Dixon plot of the nateglinide uptake into rat intestinal
brush-border membrane vesicles in the presence of ceftibuten. Uptake of 50, 75, and 100 uM nateglinide was measured for 20 s with ceftibuten. Incubation condi-
tions were identical to those described in the legend to Fig. 1 (A). Each point represents the mean with S.D. of three preparations. Inset, replot of the slopes of the
Dixon plot. The apparent Ki value was determined to be 3.20 mM by linear regression analysis from the Dixon plot.
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Fig. 2. Additive Inhibitory Effects of Gly-Sar and Nateglinide ‘8‘ é.\ &
on the Uptake of Ceftibuten into Rat Intestinal Brush-border o@’ '0& d.,&“
Membrane Vesicles o $° o
Uptake of 100 uM ceftibuten into brush-border membrane vesicles was G QP
measured for 30 s with or without (control) inhibitors. Membrane vesicles @ s
were suspended in 100 mM D-mannitol, 100 mM KCI, and 20 mM MES/Tris \“ A
(pH 5.5) or 20 mM HEPES/Tris (pH 7.5) . The substrate mixture contained
100 mM D-mannitol, 120 uM ceftibuten, 100 mM KCl, and 20 mM MES/ Fig. 3. trans-Stimulation of Nateglinide Uptake by Ceftibut-

Tris (pH 5.5) in the presence of various compounds. Uptake values in the
absence of an inwardly directed H* gradient were subtracted from those in
the presence of an inwardly H* gradient. Each column represents the mean
with S.D. of three preparations. The control value for the uptake of ceftibut-
en was 610+9.88 pmol/mg of protein/30 s. **p<{0.01, significantly different
from that in the absence of Gly-Sar; *p<{0.01, significantly different from
that in the absence of nateglinide.

en and Fluorescein
Proteoliposomes reconstituted from the 500 mM NaCl-eluted fraction
of PABA-affinity chromatography were preincubated for 60 min with or
without (control) salicylic acid. The transport experiment was started by 3-
fold dilution in incubation buffer with nateglinide and allowed to proceed for
3 min. Each column represents the mean with S.D. of three determinations.
*p<0.05, **p<0.01, significantly different from the control.
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Table 1. Effects of Various Compounds on the Initial Uptake
of Nateglinide by Caco-2 Cells

Compound Concentration Nateoglinide uptake
(mm) (% control)
Control 100
Fluorescein 1 56.6+7.01**
Benzoic acid 10 48.2+1.72**
Pravastatin 10 76.0+2.68**
Salicylic acid 10 37.8+3.99%*
L-Lactic acid 10 96.6+7.57

The uptake of nateglinide (50 um) by Caco-2 cells was determined in the
presence or absence of inhibitors. Each value represents the mean with
S.D. of 3—6 preparations. The control value for the uptake of nateglinide
was 12.3 +2.12 nmol/mg protein/5 min. ** p<{0.01, significantly different
from the control.
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Fig. 4. Inhibitory Effect of Phenolic Acids on H+-driven
Nateglinide Uptake by Caco-2 cells
The uptake of nateglinide (50 uM) by Caco-2 cells was determined in
the presence or absence of ferulic acid. Uptake of nateglinide was measured
for 5 min. Each column represents the mean with S.D. of 4 determinations.
The control value of the uptake of nateglinide was 10.9+1.94 nmol (mg of
protein)-1 (5 min)-1. *p<{0.05, significantly different from the control.
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Fig. 5. Lineweaver-Burk Plot of H™-driven Nateglinide Uptake by Caco-2 Cells

Uptake of nateglinide was measured in the presence or absence of 5 mM ferulic acid (A) and 5 mM caffeic acid acid (B). Each point represents the mean with

S.D. of three to five measurements.
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Fig. 6. Inhibitory Effects of Various Monocarboxylates on
H*-driven Ferulic Acid (500 uM) Uptake by Caco-2 Cells
Uptake of ferulic acid was measured for 30 s. Each point represents the
mean with S.D. of 4 determinations. The control value of the uptake of
ferulic acid was 9.72+0.82 nmol (mg of protein)-1 (30s)-1. **p<0.01, sig-
nificantly different from the control.
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Fig. 7. Inhibitory Effects of Baicalin on the Uptake of SN-38
by Caco-2 Cells
The uptake of SN-38 (25 mgrM) by Caco-2 cells was determined in the
presence or absence of baicalin at defined concentrations. Each value is the
percentage of the uptake in the absence of baicalin, and is the mean with
S.D. of three or four determinations. **p<0.01, vs. absence of baicalin.

Table 2. Effects of Various Compounds on the Uptake of
SN-38 by Caco-2 Cells

Compound Concentration Relative uptake
(mm) (% of control)
Control 100+18.9
0.05 95.6+6.70
BSP 0.2 40.2+9.95**
1 34.1+7.26**
Probenecid 1 86.8+13.2
Pravastatin 1 89.9+31.4
Grepafloxacin 1 98.1+28.4

Cells were incubated with SN-38 (25 um) for 10 min at 37°C in the
presence or absence of inhibitors. Each value is the mean with S.D. of 3-5
determinations.
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ARB TH 27 ) Y)Y > O HALE TR 1B
THMIEET>R. TIVITILEY I3IEHN D ARB
EWFERD, Pegp 2N LT dF T 2 ORFPHEM
EHET D E, MTZUIES DTF 2 > OWIN
FERZGESEIT I ENHFEINTNE. D —F
T, T OMLETNHEHEIZ BT 285X IEH IR E
INTW. bhbhid, Caco2 fild~DFIL 2
TIVE DD ABERZETY, TIVIHILEY DI
EERIT T O~ > AR ERZRT 2 &, kUE
ZDE TV VEERENORFICIDKTTSZ
xR WH LU 7= (Table 3). 3 ki, ¥ U FILEEIT
Caco2 fiflE~NDFIVIHYIVLY > OH D IAHITH L
THWIHERZ R UIZD, TONIVE S BEEE
fii L 2F BRI e<HEDREZ RSN, O
&R, HTHRO IR >R E R O LB R
WEBELRBREHZREZLTVWSEIEZRTHDOTH
0, FILIHILE > OHEERIITHT SR 5N
D MCT OGN RBINZ. MCT IZEEL Tig,
BFHEETHUDOTYAY T+ —LDOWMENDHD, £D
HTH MCTI1-4 12B U CTHEREMRAT kS 191t D
5N TW5S. MCT1-4 ORREMZDE &L CIIARE

Table 3. Effects of Various Compounds on the Uptake of
Telmisartan in Caco-2 Cells

Concentration Telmisartan uptake

Compound (mm) (% of control)
Control 100
Antilipaemic agents

Fluvastatin 0.5 72.0+0.85**
Atorvastatin 0.5 84.9+3.01**
Bezafibrate 0.5 92.9+2.99
Antihypertensive agents
Enalapril 1 94.0£3.28
Lisinopril 101%5.45
Nifedipine 0.1 98.0+6.87
Metoprolol 99.6+2.89
Furosemide 1 94.2+6.12
NSAIDs
Ketoprofen 1 73.5+1.45%*
Salicylic acid 5 51.0+5.63**
Salicylic acid derivatives
Acetylsalicylic acid 5 69.4+5.42%*
Salicyl alcohol 5 96.1+3.47
Salicyl amide 5 95.2+7.21
Phthalic acid 10 92.9+12.8
Various monocarboxylates
Acetic acid 5 57.8+1.05**
Benzoic acid 5 87.0+1.03*
Butyric acid 5 76.4+4.98*
Propionic acid 5 64.5+2.50**
L-Lactic acid 10 98.0£6.39
CHC 10 59.8£6.21%*

The uptake of telmisartan (50 um) by Caco-2 cells was determined in the
presence or absence of inhibitors. Each value represents the mean with
S.D. of 3 preparations. The control value for the uptake of nateglinide was
9.36+0.514 nmol/mg protein/5 min. * p<{0.05, ** p<0.01, significantly
different from the control.

MHASNTNWDN, 2D F)L 2 H)L & > OIELE R IX
WBHBICLDHERZZ T Ao —F, TF57
UV, U TUNRBREDHFIEREEITIVITILY >
DHELERINHEE2 52T, BHEOERITIECT
T ZENFRETH D EHZ A 5N

6. BHYIC

L E OMICERERDD 2 EnE, NED
fERRICEBN T 2 E WO EEGBOMFma R-T 20
I, B - REMEICBET DI HE D < @ IE/R
RPN E LIRS, EH, BRKTOEYIBE CITEA
WCEBDBEEIDO L AEBOEYNHFHREGSIND
=AML, £&EEL T RIERRISCRIE
RAFBMEC S, HILE T > AR—F OHEREMRIT
IZK0E SN EHZ BE DO QOL HaFF - 1 RITHs
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BEE AR EZRTTRICHZDEREIH
% JH & E U7z ALIR AL 2 PR B AR 5 0 B SR ARG TN T
SEFLIEIR B S AR D kR I W 2 LT, BFgED
—EBIS R AR B B, BOLGE SR R iR LA
MO — B AEER IV T AT 1 r—3 3 JRE
Wik BT EEZTELE ZZ2iCidl, %<
EH OB ZRRET. RRIC, AFFEOZEITITH
DRI O ZHifEZB O £ U @EURZE0
D, WL 1174 T & % ALHEE R E R ERL SR AT b
FRIREAIFHRZED ALY v 7 - Z< DFERBICZ
OHZEED TESHLHBHL BT £T
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