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The development of combinatorial chemistry and high-throughput screening techniques has made it possible to
generate many new drug candidates very rapidly, but it has also resulted in a number of poorly soluble and/or poorly ab-
sorbable candidates. A new trend in drug development based on pharmacogenomics or the development of molecular-
targeted drugs is also spurring the tendency, and it does not necessarily lead to good output in terms of the development
of new drugs. It is attractive to improve membrane permeability as well as solubility by using adjuvants, because this
method could be applicable for various drugs. However, the practical use of absorption-enhancing adjuvants has been
limited because of the potential local toxicity. Therefore suppressing the potential local toxicity would lead to the suc-
cessful development of safe preparations with improved absorption using adjuvants. Our biochemical and histopatho-
logic studies showed that several amino acids such as taurine and L-glutamine had cytoprotective activity, and it has been
found that the combinatorial use of sodium laurate (C12) with these amino acids could maintain the absorption-en-
hancing ability of C12. A suppository preparation containing C12 and taurine remarkably improved the rectal absorp-
tion of rebamipide, classified as BCS class IV, and the preparation was safe to the rectal mucosa. For the mechanisms of
cytoprotective action by these amino acids, it has been found that they suppress the intracellular calcium level, induce
the expression of heat-shock protein 70, and inhibit the release of histamine and apoptosis.
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Fig. 1. Effect of Amino Acids on Absorption Enhancement and Local Toxicities Caused by Sodium Laurate in Rat Large Intestine

(A): Absorption of phenol red (PR), (B): Phospholipid (PL) elution, (C): Protein elution. Concentrations of C12, amino acids were 10 mm. Results are ex-
pressed 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. [Reproduced

from Ref. 12) with permission from John Wiley & Sons, Inc.]
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Table 1. Histopathological Study on Cytoprotective Action by L-Gln and Tau in Rat Colon
Time Control C12 C12+L-GIn? Cl12+Tau
after Findings
dosing a b ¢ d mean a b ¢ d mean a b ¢ d mean a b ¢ d mean
Shrinkage 0 0 0 0 0.0 2 2 2 1 175 1 0 1 1 0.75 1 1 1 2 1.25
1.5h Exfoliation 0O 0 0 0 0.0 2 2 2 2 200 0 0 0 1 0.25 0 1 2 1 1.00
Coagulation necrosis 0 0 0 0 0.00 0O 0 0 0 0.00 0 0 0 0 0.0 0O 0 0 0 0.00
Shrinkage 0o 1 1 — 0.67 0 0 0 — 0.00 0 0 0 — 0.00 0 0 0 — 0.00
6h  Exfoliation 1 1 1 — 1.00 2 2 2 — 200 0 0 2 — 0.67 0 0 0 — 0.00
Coagulation necrosis 0 0 0 — 0.00 0O 0 0 — 0.00 0O 0 0 — 0.0 0 0 0 — 0.0

[Score] 0: no change, 1: very slight, 2: slight, 3: moderate, 4: severe. Doses of rebamipide, C12 and Tau were 5 mg, 10 mmol and 125 mmol, respectively.
Histopathological examination was performed by an experienced veterinary histopathologist. @) 75 mmol L-Gln was preloaded 1 h before dosing of rebamipide
and was also coadministered with C12. [Reproduced from Ref. 13) with permission from John Wiley & Sons, Inc.]
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Expression of Heat Shock Protein 70 Induced by Sodium Laurate and Amino Aicds in Rat Large Intestine (Western Blot

Concentrations of C12 and amino acids were 10 mm. Rabbit anti-Hsp70 polyclonal antibody and goat anti-rabbit IgG labeled with peroxidase were employed as
a primary and a secondary antibody, respectively. [Reproduced from Ref. 12) with permission from John Wiley & Sons, Inc.]
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Fig. 3. Suppressive Effect of Amino Acids on Histamine Release Enhanced by Sodium Laurate in Rat Large Intestine
Concentrations of C12 and amino acids were 10 mMm. Released histamine was estimated as the percentage to the amount of histamine released when treated with
C12. Results are expressed as the mean with the bar showing S.E. value of four experiments. *, p<0.05 compared with control; ¥, p<0.05 compared with C12.

[Reprinted from Ref. 12) with permission from John Wiley & Sons, Inc.]
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Fig. 4. Effect of Sodium Laurate and Amino Acids on In-
tracellular Ca?* Level in Caco-2 Cells

Concentrations of C12 and amino acids were 3 mm and 30 mm, respec-
tively. Results are expressed as the mean with the bar showing S.E. value. O:
control (n=8), @: C12 (n=4), A: C12+L-Gln (n=3), A: C12+Dp-Gln (n
=6), O: C12+L-Met (n=5), W: C12+L-Arg (n=4), O: C12+Gly (n=
3), @: C12+Tau (n=3), X: Cl12+1-Leu (n=4). [Reprinted from Ref.
12) with permission from John Wiley & Sons, Inc.]
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Fig. 5. Effects of Extracellular Ca2*, Compound 48/80, Ver-
apamil and BAPTA-AM on Intracellular Ca2* Concentra-
tion ([Ca2*];) Increased by Sodium Laurate in Caco-2 Cells

Each value represents the mean+S.E. (n=4—12). Concentration of

C12 was 3.4 mm. **, p<{0.01 compared with C12 alone; ', p<<0.01 com-

pared with control. [Reproduced from Ref. 15) with permission from John

Wiley & Sons, Inc.]
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(VO;) #HWTHAE LK (Fig. 6). T DR,
VO; 137 2 JBICE S [Ca* {1 IR FERZHEIC
MHETHZENHASNER S, £, Cl2 ZHl
TIERI®Z56121E, VO, id [Ca2t [, ITHEER
HEEZ RSNSOI, ZNHOREXD, C121F
PMCA DIEHZNR DK TFIETHY, Tau 2k
DETBHT I /B, CRRICKDK R L PMCA
EEEZEEI TS ZEICXD [Ca2t ] K FICFFS L
TW5HDEHERINE.

[Ca?* ], 2K F X BB HM & LT, mitochondria
AND Ca?t LD AARIZDNWT HMEHL /=, Table 2
I%, mitochondria [N Ca?* ([Ca?t],) ZHIEL,
Z® AUC 2H %, Cl2 ZHMTHERIELEHA
Z100% E L THRIELEHBRZELDODTNS., 55
NFERMS, Cl2I1CKD [Cat ], WA RITHEAK
TH5HIENHENMNER >R, TOBHZIR,
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Fig. 6. Effect of Sodium Orthovanadate on AUC of [Ca2* ];
in Caco-2 Cells

Each value represents the mean+S.E. (n=8—16). Concentrations of
C12 and each amino acid were 3.4 mm and 34 mm, respectively. **, p<{0.01
compared with C12 (with or without orthovanadate) ; ¥, p<{0.01 compared
with control (with or without orthovanadate) ; ¥, p<<0.01 compared between
with and without orthovanadate. [ |: without orthovanadate, P&: with or-
thovanadate. [Reproduced from Ref. 15) with permission from John Wiley
& Sons, Inc.]

Table 2. Effect of C12 and Amino Acids on [Ca2*],, in Caco-
2 Cells

Treatment AU(E/JO(;[S?;;J‘“ Ps

vs C12  vs control
Control 44.0+2.0 0.01 —
C12 100.0+19.9 — 0.01
C12+L-Gln 116.0+21.5 0.01 0.01
Cl2+Arg 62.6+12.3 0.01 0.01
Cl12+Tau 174.3+£26.7 0.01 0.01

AUC of [Ca2*],, was expressed as the mean S.E. of 12—16 experi-
ments. Concentrations of C12 and amino acid were 3.4 and 34 mwm, respec-
tively. [Reproduced from Ref.15) with permission from John Wiley &
Sons, Inc.]

mitochondria 2388k L 7z [Ca2t ] IZ s L, Ca?t
EMOAALES O EHERIN=N, WH, [Ca2t],
@D 5 KL mitochondria DHEREREEIC DM B & X
NTHBO, apoptosis DF[ELHEHRHO>TNBE EE
ZHN TS, 2 Figures 4 KU 5 TRLTWS LD
2, CRIFFREI [CaT]; 2 ERIETHD, CI12

TIJMIZFEZHROBRER L TDB,
Tau |3 C12 BHURMFE L D &, I 51T [Ca2t], &
AREICHERIETHD, [Ca?'], DKM [Ca’t ]
DOPFPICHFEL TWBHBEEZ SN, L-Gln i3,
C12 BN & R E O [Cat ], 2R L 72,
L-Arg 3ERICKFI 2. FiconTi, 4%
DORFNLETZN, L-Arg IO IC XL D [Cart];
ZRF52&12&0 [Cat ], D ERZMEL-H
DEEZS5NSD. F72, L-Gln Id mitochondria ~
OV IAAITE S [Cat [ K FITIEEBIL Tz
HOD, [Ca’t], Y Cl2 R MK: S FfEE TH
5 Z EMS, mitochondria DHEEEREIZE S /RN
Ca* MVIAARBEHRKIESLZLITLD,
mitochondria Z HEREREN S RET LS 2R L
HDEHRTES., Tauld, L-Gln KD HI BT
mitochondria @ Ca2t* AEZHEAKIEL@HENH 5
bDEEZLND,

ZOEDIZC1RITKD [Ca2t ], M RL, Tau
RL-Gln 2 EDT I JBOHAIL, TOINEFE
IR TEBD 2 &%, TOMBEELBITRLTE
fo. FERIZ, Zo [Cat], 0EE &, Mo EENE
DIETH 5 EAE O E & OBIfRE a7
WLlEZA WMFITHEELBMEENS S I LR
SN (Fig. 7). ZOZ &, CI2ITX 5 HlfukE
M, ROT R BBIC K DREERERICBNT,
MIREN Ca?t dynamics MW HEELER DO 1 DT
HBHZEERLTND,

4-4 Apoptosis DEES MIETRLIZEDIC,
CI2 I3k 2 o HEMEIC R D [Ca2t ] 2R H, 25
12 [Ca2t ], 2 HFRICERIES ZENHSMN
Eof, BITbRELDIZ, [Cat];, [Ca?t],
D&KL, apoptosis ZiEE G B AJEEHENH SN T
W52 F£72, L-Gln 12K 2 RERER) FICEE 3
REERZLTNWSZENHSMNETRS 72 HSP 1
apoptosis ZHIHl T 5L OHESH 2.2 £ T,
CI2 IT K D KRR, KUY X J BRI K 2 KR &
B El RS ~ D apoptosis DEI-5IZ DN THRE Z2 A
7=, FDFEER, apoptosis DEEE D 1 DTH S DNA
OWAA LM C12 I2&L D fE =, L-Gln, Tau %D 7Y
S BEHATAHILET, FNN/HHISNSE I EN
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B5MnE7o 7. F/=, caspase 9, caspase 3 Dif M
ZAMEL2E A, CI2 I EMBEEDIEMEZ A RKITIT
HXE5ZE, £/, Taw,L-Ghh i, Fhza2BAE
IS 5 2 EMHSNERD, C1212 &k 2Kl
F, T2 RITK D REERFE )R apoptosis 73 B
BLTWASZENHSMERD .

Cl12 2L % apoptosis FEET I JRIZKDZD

120 /-‘
Lud

100

£

8o
60 | A

40}

201 O~

Protein release (% of C12)

0 20 40 60 80 100 120
AUC of [Ca?*], (% of C12)

Fig. 7. Significant Relationship between AUC of Intracellular
Ca2?t Concentration ([Ca2*];) and Protein Release
Results are expressed as the mean+S.E. of at least three experiments.
The straight line was obtained by least-squares regression (r=0.9141, p<
0.01). [Reprinted from Ref. 15) with permission from John Wiley & Sons,
Inc.]
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HHIOEHEIZ DWW THRE L& 25, C1213 apop-
tosis & KT Td 5 cytochrome C @ mitochondria
Mo ORI ZAEICHERT S &, Tau, L-Gln 1
FNEBEZICHE TS ZEnBHOMNERS -, &5
{2, mitochondria 7 % @ cytochrome C D g H & I
il 9" % [AF Bcl-2 D FEH] & % Western blot {512 L D
BEtl/z& 25, CI2IC& D Bel2 OFBHEN T >
FO—=)VO¥EGLUTICETHA ATEHZE, £z,
Tau, L-Gln 2092 2 & TENNIFT I b
O—=)LLNJVICEKTRET S ZENHSNERD
. TS5 OfEREED, Cl21F, Bel2 ORBESE
£ FX8 32 &EITKD, mitochondria /,» 5 @
cytochrome C @D % {2 L apoptosis ZHET 5 %
DEEZBNE. £/, Tau® L-Gln i, Bcl-2 ®
WA % % Z & T mitochondria 72 5 @ cytochrome
COHEMHE L, FHRICIET % caspase {1 &
ME T2 &2k D, apoptosis ZHIEHIL T35
DEHEE SN,

Figure 8 {2, ZNFE TITHLNITR -7 Cl12 K&
O7 I BOFERAEMEZ LD, CI213, hista-
mine DiEHEZ 2 U RIEVEDIEE 27519 2 1FD0,
[Ca2t];, [Ca2t], ® FRIZHE KT % apoptosis D%
B CICXOEREEZ S S LTINS ZENHS
m&ilro7=. %7z, Tau, L-Gln, L-Arg 72 E D7 3
JIgIE, —EF A U BT KD, HH0NIERT

Membrane damage

e

Apoptosis

Lamina propria Inflammation

Inflammatory mediator
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Fig. 8. Scheme of Possible Mechanisms by which Amino Acids Protect the Epithelial Cells
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S RITHRTE U TR I K 0 BRI & (R €4 %
ZENHBNERS T,

5. ER{EAMIF TR

RIEE CTIIKBFRICK DM TH > 727, FEAk

REHICAFIZFREL, FORINSERE, MEA
DEEMEICDOWTHRNZTo . HnaY I /R
Tau XU L-Gln &L, EF)V#EYE LT, Biophar-
maceutics Classification System (BCS)29{ZHBWT»
FAIWVIZET 5 EE A5 NDHKEME, HWRINE
#H W rebamipide!® Z fVy, PEG1000 & % V) (3 6000
2 HLH & U 7= K IEPE AR & Witepsol HI5 2 k&
U-stEAR R 28 L 72, £, in vitro IR
%12 X U rebamipide D E I DWW TG L /= &
2% (Fig. 9), /KEMHAHIN S OEHIZNWTND
BHTHHZENHSNER> T (Fig. 9(B)). —
F, WMIEHEAKIOSEX, Cl12 28 £ WAKIN S
@ rebamipide DA X IEH 1TE S, CI2 DRMIC
XOEFICHEIND Z EAURE N/ (Fig. 9(A)).
Tau OHRINE, &HF, HHEZESESHEHENA SN
bDD, {KAREL THERBEHKEZRT I EN
BHSMMhETRS Tz

INSFABL AR E Ty NERGIZH AR, &
FYIC MR 2 BRH U I VE A R 2 J07E U 72 2 Figure
10 (A) IZHFETEALFNZ DOV T ORERZ/RL TN 5,
CLR2 BHAFT, 2> hO—)LOK 745 Cl2-Tau
BELEITH 45D AUC 2R L, BEE RN SkE
MR 5N, —F, Cl2-L-Gln & F %K TIZ,

(A)

100

(3]
o
T

Dissolution ratio (%)

0 0.5 1 1.5

Time (hr)

Fig. 9.

Dissolution ratio (%)

K2 RouEICBE> . £, KEBEEALAFITII,
CRREELFANEROEVIREZRLEZDOD, 3
EOWNKEZ RTICEE>= (Fig. 10B)). Z
OIS EN R ORI OWTIL, IS &
o TWiRnD, REFINS O Cl2 DR D E
MERTIEBRWNEZEZ TS,

WKIT, KEE A D22 2T DU T B Rk 2 Y 2T AT
211> 7~ (Table 3). o= EMNS, Cl12-Tau
AFl, C12-L-Gln A&, CI2 RF LD HE
KEANDEEN/NE L, > bO—)LBE & A
BWEENERT ZENHSMER D .

FlEfE, & MDA ZRIHEIZ, LHDAT—
W7 TETZRIIVAT =T v TEBRETO -
ZZTIE, I TS Cl10 A E Db biT
S5 7273, C12 (20mg)-Tau (30 mg) % & EyHAEHE
AAFNE C10 (25 mg) HAIKD B, E/, CI2 (10
mg)-Tau (30 mg) % & OMARHEALFNL C10 (15 mg)
AFIE D B, rebamipide D WLV L E, 500 HE Bk
JENDRZEEDE RN SENTND ZENHS M E
720, ZEVEDER ORI EEAF DB FE Ol ge o
RSN,

6. HHYIC

ARETIE, C2ET I /BOPHICK LD
IR S A DO R REIEIC DWT, BEF QA&
Dtz EDPE I &L TOR AN, Ltz
R ZEMNTER., LaL, ROVKETZITITS
S5B5TRNVEEEZTHED, 5%, BatzED

100 ¢

(4]
o

0 0.5 1 1.5
Time (hr)

(A) Dissolution Profiles of Rebamipide from FB Suppositories (A) and WB Suppositories (B) by Rotating Basket Method

Dissolution study was performed at 50 rpm using JP 2nd fluid. Results are expressed as the mean with the bar showing S.D. value of three experiments. O:
Control, @: C12, A: C12+Tau, A: C12+L-Gln. [Reprinted from Ref. 23) with permission from Elsevier]
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Fig. 10. Serum Concentration of Rebamipide after Rectal Administration of FB (A) or WB (B) Suppository Containing C12 and L-
GIn or Tau

Results are expressed as the mean with the bar showing S.D. value from three to five experiments. O: control, @: C12, A: C12+Tau, A: C12+Preload L-Gln.

[Reprinted from Ref. 23) with permission from Elsevier]

Table 3. Histopathological Examination of Rat Rectum after
Rectal Administration of Fatty Base Suppository Containing
C12 with or without Tau or L-Gln

Findings Control C12 Cl12+1-GIn® Cl12+Tau

Flattering of

epithelial cells 0.67 1.50 0.17 0.00
Shrinkage of

epithelial cells 0.00 0.50 0.00 0.50
Erosion 0.33 0.83 0.00 0.00
Inflammatory cell 33 199 .17 0.33
infiltration

Atrophy of crypts  0.33 1.50 0.17 0.00

[Score] 0: no change, 1: very slight, 2: slight, 3: moderate, 4: severe.
Data were expressed as the mean value. Doses of rebamipide, C12, L-Gln
and Tau were 5 mg, 10 umol, 75 umol and 50 umol, respectively.
Histopathological examination was performed by an experienced veterina-
ry histopathologist. @) The suppository containing 75 umol L-Gln only
was preloaded 1 h before dosing of the one containing rebamipide, C12
and L-Gln. [Reproduced from Ref. 23) with permission from Elsevier]

TWFPETHD. £, EESIE, RUTI>D
1 DTHBANII EHITBZERHAT S 2 &K
0, VOB WRE DN SE BF B 5 O nHEME 2
R U726 ZOMHICDONWTIE, 48, Wi
5 DO BRI A 72 B UL DWW T ORE WA
TEEZ TV, s OEFN, HKAEMELAED
DR ZSRET 5 & & HITR ISR E 2 iT6E
E95, NWHAMOEWERARI ATLATHDEEZ
5N5.
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