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Improvement and Prediction of Intestinal Drug Absorption
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The suppository preparation, which can improve the absorption of poorly absorbable drugs safer than commercial-
ly available suppositories, was developed by utilizing sodium laurate and taurine. Additionally, the novel oral absor-
ption-improving system was also established by utilizing polyamines and bile acids. Furthermore, to evaluate the efficacy
of these new formulations and estimate the absorbability of new drug candidates in humans, the in vitro prediction sys-
tem utilizing an isolated human intestinal tissues was developed and successfully predicted the fraction of dose absorbed
for several model drugs. These findings would contribute to the development of new dosage forms and new drugs for

oral administration.
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Fig. 1. Effect of Combinatorial Use of C12 and Amino Acids
on Absorption of Rebamipide in in Situ Colon Loop Study
C12 was administered at a dose of 10 umol. 75 umol L-Gln was preload-
ed 1 h before dosing of rebamipide and was also coadministered with C12.
Tau was applied at 25, 50, 125 or 313 umol. Results are expressed as the
mean with the bar showing S.E. value of three or four experiments. *p<{0.05
compared with control; p<0.05 compared with C12; Keys: [, rebamipide
absorption; O, protein elution.
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Fig. 2. Histopathologic Observation of Cytoprotective Action by Tau after 6-h in Situ Colon Loop Study with 10-umol C12
Light micrographs were taken after 6-h in sifu colon loop study (A) without Tau and (B) with 125 umol Tau, respectively (93 X magnification) . [Reproduced
from ref. 10) with permission from John Wiley & Sons, Inc.]

Table 1. Cytoprotective Action by L-Gln and Tau after 1.5-h in Situ Colonic Loop Study for Rebamipide with 10-umol C12

C12+125-umol C12+Preload?
Findings Control C12 only L-GIn 75-umol 1-Gln C12+125-umol Tau
for epithelial cells
1/2|3|4|mean |1 |2 |3 |4 mean |1 2|3 |4 mean |1 |23 |4 mean|1|2|3]|4| mean
Shrinkage 0/0/0|0| 000 |2|2|2|1| 175 |2|1|2|1| 150 |1|0|1|1] 075 |1|1|1]2] 1.25
Exfoliation 0/0/0|0| 000 |2|2]2|2]| 200 12|22 175 |0|0]0|1] 025 |0|1|2]1] 1.00
Coagulation necrosis [0 |00 0| 0.00 |0|0[0|0O| 0.00 | O|0O|[O0O|0O| 000 |O[O|O|0O| 000 |O|O0|O0|O0O]| 0.00

[Score] 0, no change; 1, very slight; 2, slight; 3, moderate; 4, severe; X, unable to estimate

Doses of rebamipide and C12 were 5mg and 10 umol, respectively. Histopathological examination was performed by an experienced veterinary
histopathologist according to the procedure described in ref. 10). @ 75-umol L-Gln was preloaded 1 h before dosing of rebamipide and was also co-administered
with C12. [Reproduced from ref. 10) with permission from John Wiley & Sons, Inc.]

\\

PL hydrolysis

Tight junction opening
Phospholipase

Epithelial cell activation

Cytoskeletal
contraction

e

Lamina propria { (y (9/

Inflammatory mediator release

4—— Stimulation
. Mucosal mast cell Neutrophil
o— Suppression

Fig. 3. Scheme of Possible Mechanisms by Which Amino Acids Protect the Epithelial Cells
[Reproduced from ref. 9) with permission from John Wiley & Sons, Inc.]
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Fig. 4. Serum Concentration of Rebamipide after Rectal Administration of FB (A) or WB (B) Suppository Containing C12 and L-

Gln or Tau

Results are expressed as the mean with the bar showing S.D. value from three to five experiments. Keys: (A) O, control; W, C12; A, C12+preload L-Gln; A,
C12+Tau. (B) O, control; @, C12; &, C12+preload L-Gln; 4, C12+Tau. [Reproduced from ref. 15) with permission from Elsevier.]
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Effect of Tau and L-GIn in Absorption Enhancement and Local Toxicity after Administration of Fatty Base (FB) (A) or

Water-soluble Base (WB) (B) Suppository Containing C12 in Rat Rectum
Doses of rebamipide and C12 were 5 and 2 mg (10 umol), respectively. Rectal administration study was performed for 6 h. L-Gln was preloaded and coad-
ministered at 75 umol. Tau was applied at 50 umol. Results are expressed as the mean with the bar showing S.E. value of more than three experiments. *p<0.05
compared with control; ¥p<{0.05 compared with C12; Keys: Rebamipide absorption, closed square; O, protein elution.

(A)

(B)

Fig. 6. Histopathological Observation of Cytoprotective Action by Tau at 6 h after Rectal Administration of Fatty Base Suppository

Containing Rebamipide and C12 without or with Tau

Light micrographs were taken at 6 h after rectal administration of fatty base suppository (A) without Tau and (B), with 50 umol Tau, respectively (155X mag-

nification) . [Reproduced from ref. 15) with permission from Elsevier.]
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MBEERIN, Y BYhSsbEBEBRIND &N
5, BEMIDOWTHHEERFMFESZSZ 50 5.
FIZTEHE, PAOFTHANRILI Y (SPM) K&

Serum concentration (ug/mL)

Time (hr)

Fig. 7. Serum Concentration of Rebamipide after Rectal Ad-
ministration of Suppositories Containing C10 or C12 with or
without Tau

Results are expressed as the mean with the bar showing S.E. value of
three to five experiments. Keys: X, Control suppository; O, 20 mg C12 sup-
pository; @, 20 mg C12+30 mg Tau suppository; A, 15 mg C10 supposito-
ry; A, 25 mg C10 suppository; [1, 10 mg C12 suppository; ll, 10 mg C12+

30 mg Tau suppository. [Reproduced from ref. 16) with permission from

The Pharmaceutical Society of Japan.]

A NR) I P> (spermidine; SPD) IZ#HFH L, #
O N E DRI REMEIC DWW TKRE 2fF - 7. BF)L
1t &WIZ1E Rebamipide i L, T v MO
HilrzEEL7Z. 3> hO—)L THhDEKEGIC
U T, SPMiEINTH 2.51%, SPDIHEITHK 1.5
5D AUC 7R L, W HERNR & L Tid SPM>
SPD Th-o7. S ITKOKER, HILEMNIZHE
79 2R & OHENEH &2 5[ REMENE 2 5
N7=7=, SPM % SPD IC/HH B ZHRMT 52 &
T, TOWINLENRICKT HEEMFT Lz, |
HRIZIIHET DAL B EL TEENTWSSY
TOa—)VEgEF hU L STO) ZERALZEZ A,
a2 bOo—)LEwKRE L T, SPM+STC T3k 7
f%, SPD+STC TI3# 3 {5 DRIk EZN R % R
U, Bl OB S & U TORREMEDRIZ S
N7 (Fig. 8).2V £ Z ZIZERL Thiahapy
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Table 2. Pharmacokinetic Parameters and Histopathological Scores of Tissue Irritation after Rectal Administration of Rebamipide

Suppositories into Rabbits

Pharmacokinetic parameters

Histopathological scores

Suppositories

(ug-m/mL) (usTL) (50) Median  Mean+S.E. (RN

Sham operation — — — 0.1 0.1£0.1 A
Control 0.51£0.14b< 0.12+0.03b¢ 1.3£0.4bc 0.0 0.0+0.0 A
a (15 mg C10) 9.28+0.982¢ 12.74+£0.95%bc  33.8+3.4a¢ 2.0 1.7+0.1 C

b (25 mg C10) 15.11£4.072b<  19.09+3.00>¢ 53.31+13.8abc 2.5 2.1£0.1 C-D
¢ ( 2mg C12) 1.04£0.16b¢ 1.454+0.22b:c 3.7+0.60c 0.5 0.6x0.1 B
d ( 5mg C12) 3.59+0.442bsc 6.37+0.552b.c 12.4+1.62bc 1.0 1.4+0.2 B
e (10 mg C12) 11.54+1.512¢ 17.45+2.73%¢ 34.7+3.33¢ 1.5 1.8+0.3 C

f 20 mg C12) 23.84+5.412b 31.05+3.94ab 73.3+17.0%b 3.0 2.1+0.3 C-D
g (10 mg C12+15 mg Tau) 9.25+1.102¢ 15.79+1.732¢ 28.0+2.92¢ 2.0 1.8+0.5 C
h (10 mg C12+30 mg Tau) 6.68 £ 1.652bc 8.83+1.61%bc  20.8+6.12bc 1.0 1.4£0.5 B
i (10 mg C12+60 mg Tau) 3.611+0.442bc 4.48+0.482bc  10.8+1.42bc 1.0 1.2+04 B
j (20mg C12+30 mg Tau)  20.88+4.18>b<c  25.00+6.71xbc  66.7+10.32b 2.0 1.8+£0.2 C

Dose of rebamipide was 5 mg. AUC is the area under the serum concentration—time curve, which was calculated from 0 to 6 h following the trapezoidal rule.
Chax means the maximum serum concentration of rebamipide. BA means the absolute bioavailability calculated based on the AUC after intravenous administra-
tion of rebamipide at a dose of 1.15 mg/kg. Each value represents the mean+S.E. of more than three experiments. Histopathological scoring was performed by
following the methods described in ref. 16).  p<{0.05, compared with control. ® p<0.05 compared with 10 mg C12. ¢ p<0.05 compared with 20 mg C12.
[Reproduced from ref. 16) with permission from The Pharmaceutical Society of Japan.]
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Effect of Polyamines or Their Combinatorial Use with STC on Rebamipide Absorption after Oral Administration to Rats

Results are expressed as the mean with the bar showing S.E. value of three to four experiments. Keys: (A) X, Control; A, 5 mm STC; A, 25 mm STC; <, 10
mm SPM; O, 10 mm SPM+5 mMm STC; O, 10 mm SPM+25 mMm STC. (B) X, Control; A, 5mwm STC; A, 25 mMm STC; <, 10 mm SPD; O, 10 mm SPD+5 mm
STC; O, 10 mm SPD+25 mm STC. [Reproduced from ref. 21) with permission from Elsevier.]

Table 3. Histopathological Examination of GI Segments
after Oral Administration of 10 mm SPM and 25 mMm STC
Fore- |Glandular
Findings stomach | Stomach Duodenum
1.5h| 8h [1.5h| 8h |1.5h| 8 h
Exfoliation of epithelial cellsy — | — |0.25(0.00|0.00 | 0.00
Shrinkage of epithelial cellsy — | — |0.00|0.00|0.00 | 0.00
Coagulation necrosisof | _ | _ | _ |
epithelial cells 0.00)0.00
Erosion — | — 10.00|0.25|0.00|0.00
Inflammatory cell infiltration/ 0.00 |0.00| — | — ]0.00|0.00
Villus atorophy — | — | — | — ]0.00/0.00
Degeneration/necrosis of I R e
epithelial cells 0.000.25
Edema in lamina propria |0.00/0.25| — | — | — | —

Dose of rebamipide was 5 mg. [score] 0, no change; 1, very slight; 2,
slight; 3, moderate; 4, severe. Results were shown as the mean of four ex-
periments. Histopathological examination was performed by an ex-
perienced veterinary histopathologist. [Reproduced from ref. 21) with
permission from Elsevier.]

EZA, PAHMITBWT, /- PA LHMEEHEH
FFCBWTD, HHEHREITED s NN &n
B 5 &E72 0D (Table 3), MO EWRE DI
TS T H DA RetE D VR S 7z, 2
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L, > hO—WBKEDRET>IZET A, I

2.0

-
n

Serum concentration (pg/mL)

Time (hr)

Fig. 9. Effect of Novel Formulation Containing SPM and
STC on Rebamipide Absorption after Oral Administration
to Beagle Dogs

Results are expressed as the mean with the bar showing S.E. value of

four experiments. Keys: O, Control; A, 25 mm STC; <, 25 mm SPM; @, 25

mm SPM +25 mm STC. [Reproduced from ref. 22) with permission from EI-

sevier.]
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SMMETRD, FERE ORISR & U T o g
MR (Fig. 9).%2
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EBELT, mMEEICHT 2 VT UAEE D&
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N7 (Fig. 10). 2
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(transepithelial electrical resistance; TEER) [3{&
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DIz, tight junction B 1T FE S Hll A R 6 2% D Bk
ENEELTWBHZENHSMNERS R, 2

g
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-
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-
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o
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Serum concentration (ug/mL)
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Fig. 10. Effect of Novel Formulation Containing SPM and
STC on Rebamipide Absorption after Oral Administration
to BDL Rats

Results are expressed as the mean with the bar showing S.E. value of

more than four experiments. Keys: O, Control; A, 10 mm SPM; M, 10 mm

SPM+25 mm STC. [Reproduced from ref. 22) with permission from Elsevi-

er.]

SPM & STC P #1238 57z TEER fE DK T
¥, STC & SPM ZfRE - #eifg, ERLTWE,
1060 > DI T, Control & [RIFEEICEET S Z
EMHSEMNER o= (Fig. 11). % — 5T, Mgk
MO positive control & L THWEZ 50% LY J —
VTR, BRE - Bed#% D, KF L& TEER I3 E1E
Lizipolz. kD Z &S, SPM & STC Ot
TG K % Mg i M e B R HE S TEER DK |
1%, AIHIERTH D, NDOESLNICEET S Z
EMS, WINSERNTE L 222 s e
RS ZEMBASMNETRS T

T 50T, Mg ZE T 2 EEMEICEAL T,
Caco-2 i D IFE ML DB /K F 557 2 385k S HOL 7
O —7 & LT, 1,6-diphenyl-1,3,5-hexatriene (DPH)
Z, MRS 2 EHS T 2N T O —T &L T 8-
anilinonaphthalene-1-sulfonic acid ammonium salt
(ANS) ZMHWT, FOGRICHRHIEICTER D EiREM
DL EFEL 7=, £ OfER, SPM & STC ffAIC
K0, MR OBUKEE, MIEWTNOIMSEER
R p EOKT, T7abb, BEREHED BN
HARIN, FICSTCIZKDZEENRKZS NI EHH
bhEiaok. EoZ ENS, SPM & STC Off
AT X 2 I E P SE R OEM R & LT,
AL OREBRE G L TNWD ZENH S M &R

o7z,

TEER (% of Control)

0 A A A A A A &’ L L !
-10 10 30 50 70 90 110 130 150170 1060
Time (min)

Fig. 11. Reversibility of TEER Lowering Effect by SPM and
STC in Caco-2 Cell Monolayers

The treatment solution was changed to fresh Ringer’s solution without
any adjuvant. Keys: O, control; 4, 3 mm SPM+7 mm STC; B, 3 mm SPM
+10 mm STC; 4, 4 mm SPM + 10 mm STC; @), 50% ethanol. Results are ex-
pressed as the mean with the bar showing S.D. of three to four experiments.
**p<0.01, compared with the corresponding values at 90 min. [Reproduced
from ref. 23) with permission from Elsevier.]
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8. b MERZRUWIFHA in viro BFE B MR
BREDREISE

EHRIIE, LRROXSICHBEMEDH D, i
KA KO b et md iz RN EL T DO M
BT DHE, FRBREEM LSO MTBT 5%
WMz, BFEOHBHFICBWTHETES I L
MEETHDEEZ, b MNHLEMEEZ AW in
vitro B R &, TORERN S B MMTHIT D PANE
ZHEE 9 DA 2 A T L DR & il A Tz

S2E21213, Mini-Ussing Chamber 1% ffifl L 7=.
t MEIANIL S > FEFICHID, BENSFREZE
5, MRNHEEE2ICTURRIN-ZbOZHHL
7. AU MR, EBEEREREE (UO)
DOKRIFEB, #HLIZZO—HiEHE (CD) DO/h

Transport Index (%)
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A
*
0Q
§10f
o
X
£80.5
o’ T f
| I I
0 .
>
¥ &

HROKIGEN S 56Nz, FERELEEHL /.

EBROZ4E, BHEEE#ET 520, EFIEE
YN, W0 R 5 FD-4 GEE@EM), 77/
O—)L (KiE@dE), Ah7oo—)b (FiEiEk)

WKOWTEHEiZTTo 72 & 25, fEkh S &I
MiEFDIFE & SN TWD Py, 2 AW Tk 21T
S5&, FDA<A hFoOo—)V<75/0—)L&,

INETIKHEINTVS E MBER WRERE
B2 5H5DTHo /= [Fig. 12(A)]. 2% Tz,

bnbidZEiE L -Ey&E (Xeom) I2MAT, ik
NICEREL TWaEYE (Tor), IS5 RF—
{1 D 8 D YRR DRI /R 2L 25 8 U 7= 3FAffivh
(transport index; TI (%)) IZTCEliZ{TH 2 & T
(Fig. 13), FDA<7 5 /nO—)L< A ~NFono—)b

-
(3]

B

-
T

o
o

Fig. 12. Apparent Permeability (P,,,) and Transport Index (TI) of FD-4, Atenolol and Metoprolol Across Human Intestinal Tissues

(A) Human small intestinal tissues (ileum) from CD patients were mounted in a mini-Ussing chamber. P,;,, was calculated by the standard equation described
inref. 25). (B) TI, X< and T<or were caluculated by ref. 25), respectively. Each value of TI is the mean with S.E. of twelve experiments. *p<0.05 compared with
FD-4, 1p<0.05 compared with atenolol. Keys: [], Xcorr; B, Teorr, [Reproduced from ref. 25) with permission from John Wiley & Sons, Inc.]

0,/CO, Gas Tissue accumulation 0,/CO, Gas

-—p <
Apical Basal

- Change in —_—

concentration

Transport

. AV U m-

Water (37°C) Water (37°C)

Fig. 13. Schematic Illustration of a Mini-Ussing Chamber System Utilizing Human Intestinal Tissue
Human intestinal tissues were mounted between the apical and basolateral chambers. Both sides were filled with transport buffer (apical and basolateral side;
pH=7.2, volume=1.35 mL) . [Reproduced from ref. 25) with permission from John Wiley & Sons, Inc.]
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OHRZEHBET S EMNTER [Fig. 12(B)]. 3¢
fliic W=z T d 5.
TI=Xeorr 4 Teorr (n

Equation (1) ZHW/ZFHMETEO BB 2R L &
EZA, 1TZDEEMNS 60 HOY > TIVEFHL
TH, FD-4, 75 /0—)b, A7oo—)Lod Tl
BOMEMATFIEED S a2 &G, EEICH
BEICHENFMETH 2 ZENERTE -
(Fig. 14).29

9. E MERZRAUVICEMEBMTRIOKE

TI il &2 FH W 72 8 U W EYZ @ MM A,
TEICHEBNTNDS I EEZHRTERLIENS, X
Z, yhJyorvzr, FryoFtwr, Jorss
O—)Vz&ETIIVEMITMA TENZTNITDONT TI
EEEHL, EYEETROmE 27>/ Tl
RO ZEFAL .

Fa in humans (%) =100 - (1—e~f" (TI=2) (2)
fIIRE, ald 57 7705 —E L7 FERER
INT AR B2 S5 A MULTI® (T TEFE SN
2.347+0.230, 0.314+0.002 IZfEE L /=. Figure 15
TREINTWDEDIZ, TIfEEE b Fa & OREfR
X, BRI RAFR MBS R I Nz, £z, TH
K EqQ.QICEDWEEFTIELEY 6 D E k Fafli
&, XHEMEICIEFITEWNVEZRLZ. 2 512, 7
M Eq. (2) D24 K GEINE 2 R T 5729
2, BRI ERT 72T hOo—)l, FRO—
, >OZRZ =)D 3 DOBILAEMZEFML,
TIfEZHE 35 ZET, b b FafidFHZidAar-

- N
» =)
Transport Index (%)
- - N
=} v =}

Transport Index (%)
P

o
(3]
T

LA, HREMRNSEFSN/ZE k Fafild, &R
O0—)LVTC382%, 77 hOo—)LT66.4%, 0O
AZ =)V TI9% ThHolz. TH DEILCHRE
Ths, FRO—=)L35%,22 7t 7 ho—)L 70
%, 2O ALY —)b 100 %2829 1 JEH I W E 2
Ll eEns, TIHEZHWEZE MEEE RO
TN+l TH D EEZ 6N

10. &HYI(C

AWFRICKD, BEEOHBABFIUS L0, K4
PEICEN 7RIS E AR ANN T ZENL T 2 Z EMWTE
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Transport Index (%)
Fig. 15. Relationship between Transport Index (TI) and

Fraction of Dose Absorbed (Fa) in Human for Drugs with
Different Characteristics
Fa values of drugs cited from references were plotted against TI values.
Theoretical fitting line was obtained for six model compounds using Eq. (2),
and f and «a were obtained as 2.347+0.230 and 0.314+0.002, respectively.
[Reproduced from ref. 25) with permission from John Wiley & Sons, Inc.]
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Fig. 14.

Individual Value of Transport Index (TI) of FD-4, Atenolol and Metoprolol Across Human Intestinal Tissues

(A) Large intestine from UC patients (n=35 from 7 patients). (B) Small intestine (ileum) from CD patients (n=12 from 4 patients). (C) Large intestine
from CD patients (n=16 from 6 patients). TI was calculated by Eq. (1). [Reproduced from ref. 25) with permission from John Wiley & Sons, Inc.]
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2. Fl2, RUT I EEMEE & W RINSE &
AREE T 28 L W OTEFNL S, 2 fNEd % 2 EMT
&z, 5T, NS OFNSOEMEEED,
HBRBERL A D MBS 0 2 HEE
WHEEE TS, b NMAMEFH W in vitro FMiT X T
LOREEIZRIN Lz, 25 OREIE, S OH#HK
BIICDIRN S THETHHDEEZ TS,

BEE AWERADITHLD, EFEE1NS
WEEZIHE XU 2 M IR E B8R AR BER S
B, MR ZAE AR B WE MBI R ER D
HEZERLET. RKIBARBIUEEZHESEL
T R EERBRAIIFERT A 0 a R, /NEIERY
R, FRIER AR, dEAk M TR, #PERESE
i EA ATER, MR AR R
JRE AR OKOEH AL LT XT. 51T,
2 < OFEBRITH I L TIHE £ U/ IR AR
RIFBEDERR, KRR RARFFEHT O kIO
KOREHH L BT XY
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