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Drugs have to be absorbed through various mucosal membranes including the gastrointestinal (GI) mucosa to ex-
press their systemic effects. However, there are a number of factors governing mucosal absorption of drugs and, for
drugs with low bioavailability, the reason for the low bioavailability should be analyzed and clarified to improve the
bioavailability. This review deals with the results of our biopharmaceutical studies to analyze factors controlling drug
absorption and our trials to improve the absorption, especially from the GI tract and oral cavity.
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Fig. 1. Intestinal Absorption of Water-soluble Dyes

(a) phenol red, poor absorbability due to its low affinity to intestinal
mucosa and poor lipid solubility. (b) bromphenol blue, ability to bind to
brush borders but with poor transference. (¢c) bromthymol blue, extensive
binding to brush borders and intracellular components. (d) methylene blue,
extensive binding to brush borders but less intracellular accumulation.
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Fig. 2. Counter Transport Effect on Release of Ac-PABA
from Preloaded Brush Border Membrane Vesicles?

The membrane vesicle preloaded with 0.1 mM [“C]-Ac-PABA was
diluted 11-fold into a medium which contained no drug (control) or 1 mM
unlabelled Ac-PABA. O, control; @, addition of I mM Ac-PABA in outer
medium.
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Fig. 3. Effects of Transmural Potential Difference (V,) on the Flux Rates (J,) of SA in the Presence of DF (a) or EDTA (b)?

The dotted line represents the SA flux rate when no enhancer was added.
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Fig. 4. Absorption of Different-sized Polyethylene Glycols

from the Small or Large Intestine in Rats!®
O, small intestine; @, large intestine. Results are expressed as the mean
+SE of at least three experiments.
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Fig. 5. Relationship between Partition Coefficients of Alkyl

Carbamates and Their Absorption Rate Constants from the
Small Intestine or Colon in Rats
[, small intestine; M, colon. Data in references 11 and 12 were plotted.
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Fig. 6. GI-Transit-Absorption (GITA) Model'®

D, initially administered dose; X;, amount of drug in segment i; k;, first-order transit rate constant from segment i; ka;, first-order absorption rate constant for
segment i; kel, first-order elimination rate constant from central compartment; F, bioavailability.
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Plasma Concentrations of Ampicillin (A), Theophylline (B), Cephalexin (C) and Propranolol (D) after Oral Administra-

Ampicillin (30 mg/kg), aminophylline (5 mg/kg), cephalexin (5 mg/kg) and propranolol (5 mg/kg) were administered intragastrically as the aqueous solu-
tion. Predicted plasma concentration profiles are shown by solid lines. Experimental results are shown as means (open circles) , with the vertical bar showing S.E. of
more than three experiments. Closed circles are the results in rats pretreated with propantheline. Cited from Reference 13 with slight modification.
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Fig. 8. Effect of GI Transit Rate on Substantial Absorption
Site of Cephalexin after Oral Administration in Control Rats
and Rats Pretreated with Propantheline!”

Segmental absorption: grey bar, control rats; open bar, rats treated with
propantheline. GI transit rate constants: @, control; O, treated with
propantheline.
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Fig. 9. Plasma Concentration of Ampicillin after Oral Ad-
ministration of PVA-GS or CS/PVA-GS Containing
Ampicillin?¥

Dose of ampicillin was 50 mg/kg. Results are expressed as means, with

the vertical bar showing S.E. of more than three experiments. Key: A, solu-
tion; O, PVA-GS; @, CS/PVA-GS.
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ZMET BRI E, 229 C12 12 X D Z % histamine
BT 2 HIHIRR, 2 T 51T C12 1L DT R
k= XK 2 MR RO 72 EMBE L T 5 7]
REtEZBH S MLz, F LT, EBRITHEHINEREY
rebamipide @ K5I % C12 & taurine ZfHT 5
ZEITkD, HiEEEZES Z&a<REETH L
MTEDZEERL, D IBIT, ThEEBEOIH
ThHHLFNHEMAT D I EITHRINL 7. 323

6-2. RT3 ROKGHFNHEMAEER
WIEEFIE LT, RU T I IOV THREF L.
Spermine (SPM) & X spermidine (SPD) 12D W T
BEtlL=&EZ A, EBHIZBCSclass IVIZJET 5 re-
bamipide DWIN Z (EHE T 2703, & DFHIL SPM D
HMNEETH o=, F2, TORRIIMEHDNLE
THD, JEHEEH TH 5 sodium taurocholate (STC)
HEIZED, RBEHRIIRESHEARLE STCO
ATRABBRENREZ RSBV ENS, WHED
ERIZMBENTHZ EEZASNS. ZOK, HRO
/NG OREBRICEESEIT 2 <ED 6NT, BRI
EHEHITH B Z EDURE I 7z, 3439 Z O 1E M
ZDOWTIE, MITHOBRETH 250, LRkoEA
PR FEEIC L D Caco-2 M@ @ rebamipide D%
BTG Z Mt Lz & 25, SPM & STC OBt
12X B FE TR RIL, paracellular route D H7% 5
3", transcellular route 12 H 8D H 7z, 30

7. ERMHEYMORIN(EE

HE AR IR R T RIS (R 75 3y 73 A T < T
W, EESIL, RRATIRAIET, HKEEEY OO
BH5%OTINZRET D LI L Tnb,

7-1. BEENHMEHF  Dolichol 13, TXTD
WA FICZENDSAV T L /A RY)ba—
IWTHV, EMEEERENRND 2 DT, BIIEDIH
L LTI I TWi, L, AMeaids
DTHAKBEETHD, Tv NG in situ )V — Tk
K DEBOMER, BWEKRE L THEGLTH 1K
IZ 4% RIS NDITT ET, ORI SENE
FNTWE, EESIE, RELIFCDOURY—A
ELTHRETAHZEICEDIFFT 105D 39%I2E T
WRIEHIENTERLY

JE¥R P ¥ & X > d-a-tocopherol acetate (VEA)
1%, BE, REMQEMITTHREIN TV,
INZEHHEEHER N 751 RICERI 82D
DELZTFTHBRITTROKGLEED A,

VE DI HRE D Tha ($ELET 55T, AUC HEN
BIIKE AR GO 15 BIHEALE. Fhic
%t L T, polysorbate 80 (PS80) T/ 7= Hl%Hl|
Tid AUC oigm& i3 nBosng, LT
COERMEIRI NG ISR 2T
ekl s, PS80 TH#ESELELAR, MIkREY
SINZROWRERETHINEINDDICHLT, LIF >
THBS /AN SIZY 2NROHNSPILE N
52 FOIVOCOEKNHBETHD I EMN
Grino 72,39

72, BEERSEE  HKEMEOEY O REED
BiED 1 DELT, ERSEFIERS 5. I3,
HRMERY 2 1 L NIV OY A X TRIEESE S FIC
SMEIELBDOTHASN, "HEITIE, EREAELL
S % A L S B WL E R 2 B O VR A A
THh 5.4 GEMFHFITH 5 tacrolimus 1, ARE
M 1-2pug/ml LW, BONAFTTXAFEY
TA @m0 B EOIIBENBRETH > 2. Bk
SrEFENSEY, Y KBRS TN EBITHIE
WIRICRRI TR INS. EYEKEES T
T % polyethylene glycol 6000 (PEG6000), poly-
vinylpyrrolidone (PVP) & % V23 hydroxypropylme-
thylcellulose (HPMC) = T4 /J—)L&> 70O A
5 2 DIRBTRIICIAMR I B 7214, RIKEARFEIET
FHEL L 72 ER S HF OB REEZRE L& 25,
WIN B 50 ug/ml O mE B AMEEICETEL
7z. 4 £/=, HPMC D [E K7 #i#Flz E— 27 IV RIT
ORG L&A, M RIZHEXTAUC 2
10 FFITHRESEL 2 ENGh>. 9 Lnl, 20
OOxy > zfnsdZald, BREEEELAND
T, Y708y > ERWRWEERS B O %
Mat L7z, TOHE%E, tacrolimus 2N AJIA/E TS J —
V7S, HPMC ZVRfRI T2 Z L3 TERWA, ¥
M2 ENTE, TOIRETS BRI EEZH
HuREThAHZLZ2AWHLZ. 2oy ooy
CERAWS Z <SRBI U 2 ERSEETS R
fRFEh R L, WIEEDREETH > /2. 4V

7-3. BASE EREMEEDOR OB GEFNC
BNT, BEICIXORNDERTLEHRNPH SN T
W5, ZHUSHERICK D WS NS EITFREEO S
HETEEME I K DA HHEEOWEMMGERT 2 &
NTW5S, Ulzhi> THRFFIRIC X 0 s R E
BT s I ENTENUL, BEOEENMIED
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HNWERHIND EEZA OGNS, EEOIL, stk
DY /IR A cilostazol 2 EF )V E L TREDFE
22T < WHRFNLS Z#Et U7z, Cilostazol D
HHEEZ®EOLFIEE LT, FEROMIHE L
T3 EEAZ, REANTHNSNTWRDEN
X—)VPHEERD AT 3K 10um, Zh
U2z oy bV S kO R B
(NanoCrystal) @ A 27 £ 2 um K F 0.2 um
T®H > 7=. Cilostazol @ in vitro & i 13 R AR kL
FROWPITENTEZF IR L., EETROEE
D /NG % F L U 7= biorelevant media 12 & % 1A Hiid
BrRDFER, BRAKIE OWRATLE, I RKIE
TEFEOFZENEW I N, 5 O % R
WELTE—Z7IINRIIROHZE L KR,
cilostazol D/)NA F 7 NA Z E U 7 1 [T E KK T
DWAITEN, BERICOHEENITHERT S I &N
HEALZ, 2L TN Y —I)VBRER LD v b
SIVRER T BEBREGEITBVWTINA T TXA T E
U T /309 % A%, NanoCrystal #v&# TI131E8H
DBENFIELAERNIEZHERL .92 RIT,
NanoCrystal 2 HWTEERZHFHEL, E—7ILRIC
BT REOBRNMEZML 2. £ OHEE,
NanoCrystal $£13 cilostazol D)\ F 7 XA S EY
TAEREWEL, BEOZEZKREITERET S
HHATHDZ LWL

7-4. Self-microemulsifying Drug Delivery System

Sk vAPE S ciclosporin DI #IAIE LTS A
raxIvIbi g CEF Emt xR A—I)) b
. XA47BIX)ya  BlALETDHILITLD,
BHEOFZEZDES L, BERBINAAIREE/E>T
w5,

Griseofulvin D &k AR 2 #% 4% 512 ORI I
RERMEARBZE DD, TDORINEFEIZH TSR
Z BRI E) O EIRIE R in vivo IEfEZEENT H
HEEZOLNDZEFTEROEBDTHS. EES
13, invivo RIREEEZWET 272010, BRMEZE
WE T 5 MEEFIETH 5 self-microemulsifying
drug delivery system (SMEDDS) 7% Fi[ff L 7= %1% %
FELL, griseofulvin ONA F T XA SEUF 14D
s & HLITIINERE IS BT D ERZE DRER & il A7z
SMEDDS A DB H 7~ > T, oil iZ capryol 90
%, surfactant {Z cremophor EL %, cosurfactant (T
carbitol 2R L, titration study I X D < 7 O

IV a ek d U5zt Z0O/E,
capryol 90: cremophor EL/carbitol DJE& 3 1 7 A%
BRI THD I EMHMMD, MARBOEGRICHRS
N7 R IR E T 5 K E I BRI A B) & 8B
L, WONAFTXRNATEY T 1 OWBITHRI L
7= 4

8. EYRPEMAIE L TOORE

CIEREREL, BE - O] EHEER)H 2 [ T
ELEPYPINGTFALTHO, ROBGTNA AT XA
FEY T 1 DIRNEDITH T HEHITRD 2 5 556
L& LTI TE 5. 26 441, £HSIE, EPYO
RGN 2 TSR 72, 2N E TIIEYIAIK
ZLICEATERBRICERET 2EMEEDEE
W& ET B 4L ONy JDIVIRIPGRER) DUAMICEEM
RIERRASNT, RAIDENEN DT, /NE)
MINLAY —THRET2HZEELE B OO
[ TERSY  SERY VARRE 22 YAV U], VANRSRANAR =P 5 PAN
DT, TOMELKEDEY) EiatEEE MAdT 2 2
EEL, NLAARY—HRERHWEMEZITT> 2. £
DRGSR, MBI D EY) RIS ZEILH T H
0, pH-ECRFRICHED T EE#BHEMIT L. £
Z, NLAZ—OOBENIZTXTHERL TV
2, OBEND 6 DD ZDHAMABEELZ/NS 0t
JUIZ salicylic acid 25 L T iEE 2HE L 7=
EZA, AL D RERENZED SN, T DAL
ZIIAEEOEIICHEL TWD I EZHS ML
7.0 X517, HEEERIOMERERBICBEL THn
720 OHBEREREGFD T LN TE . 474
ERDELDIZ, E NOOREISHEREDHED Rz b
LIELRRISKEEN SRV EMETH D, NLAY—T
DRBAERZHMIHFT 2 2 LITTERN, EE
51%, B MO OBENSEAICEFA TR ZER I %
R LT, 7IVFIVHEDORRBD NS HEET
IWVEME LT, SEYRIENRE DI 2 2 L Tz
ZTORER, KHEANOEIAAITIFIF & A EFALZEN
ANV, MIENDOBATEE, FWh AUk,
JEANDHEREMED B DESITEKEL THAMIZE > T
RESEHBRDZEZHSMIULE.® HFTREENY
FIVEEMHBNZ IS U THEW T 5N TW S D3
THEMNTHO, MMFIOBERICYZ> THHMIZ
U TR 2 Z BT 20ENHD I EEREL
T3,

Z DX D72 CIEREIE D S O Wi RS 3 22 Bhik
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HIZEKDDBDOEINTWEDN, RNy 77V
FBRIZE D, nicotinic acid, nicotinamide,’® thia-
mine,5V glutathione? 7% & S8 W) E 7V Ik i 105 A
TSN TSI ENRERINL., £H55 D
1992 4, BEICHALE N S REEHE TRINE N5 Z
EEHSMNILTWEE 7 2 ARPUEYETH S
cefadroxil 2Vt b [T © Ry k= BAE TN S
HZERFERLUIZD I EEFHOIZ, DREKEICH
TSR RERIEEEOMAZ TN TS 2 L E L.
£97, glucose IZDWT/Ny JIVIRIGASR 217 >
7=& A, Fig. 1012/-R9 £ D12, D-glucose i3 L-{&
IZHARTIRINDY BT, fafnBigniloonizl &
N5, D-glucose D IVITRE 59 % Ke kg Xtk
FEINRBI N, Y KIZ, Eikob hOORENE
BRI 38 T RE 7R IR 2L 2 D TR O 07 72 %
et U7zfE R, & & OE ST p-glucose 7Y L-K
RTINS BT, fIFIBIR G0 5 /.39
IS ICFEMARRET 21T 720, RT 2T 1 7 DEK
OEE S BB L M~ DD A A Z Bt U7z
INS OMIREE, ZNZ NN KOS TR & £
FZTH5ZEICKDBERICHEETEZ S, TORHE,
A & BT, D-glucose DEL D A A1 LRI X
TlEanicRkE<, afmBgEnEovsn, Bt
TIIED 5 N> 7= ORI REIZ ® D-glucose D
7 YV AR—=F —DFEENRWEEN (Fig. 11). %9
REEEANCE DT AR—F —DOREEICLHHE
KB ORER, Nat/glucose & b7 > AR —% —

(A)

—
(=2}
(=3
(=3

Uptake amount (pmol/10° cells)

0 30

60
Time (s)

90

Fig. 11.

120

Uptake amount (pmol/10° cells)

SGLT1 K UMEEPLH s & > AR —4 — GLUT 1-3
DEENRBIN, TIAH 70y NOFER, W
T ekG RER A 1 SGLT1 & Of GLUT1-3 3% L T
WS ZENHERINLED UL, T TR
R—F —3HIEE & DX EMIGE HE LTI A
oD HDT, LEMEOZEE, 378050
DI=DITITHEREL TWRWIEEENEZZ 5Nk, £+
DEZEHSNZT 5701213 EEME OBiE 2

NI OBEND D, EFESIL, #EHE OILFEMIE
30

<

E 4

wn

_6 -

2 20

=

2

i

‘5 10 4

=3

8 M/
2

04 : v ,
0 10 20
Initial concentration (mM)

Fig. 10. Concentration Dependency of Absorption Rate of D-

and L-glucose from Human Oral Cavity¥
The absorption was examined by the buccal absorption test method for
5 min using 10 ml of p-glucose (@) and L-glucose (O) solutions. Results
are expressed as the mean+S.E. of three experiments.

(B)

30007

20001

1000

O O
0 30 60 90 120
Time (s)

Uptake of D- and L-glucose by Isolated Cells of Human Buccal Mucosa (A) and Dorsum of Tongue (B)3

Initial concentration of glucose was 0.1 mM. Key: @, p-glucose; O, L-glucose. Results are expressed as the mean with a vertical bar showing the S.E. of four ex-

periments. The bars are hidden behind symbols.
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ELT, FiICX0iH L7z Dot 2 B
WL T, HEANORKEZRF LA, ZOK, #MIiE:R
EAFIT 2 DR AR U= T, BET HEMICH
5H5DTH>TH, TNEMRICHNDZDITH
%, BZEOWMEHROMMEERER TRREZZIT A,
BEDA > T A=A RO N2ERO DTS FH
Ex Lo, BMHEOKE, b b OFRRE EEMo
HENOEBICKIIL, WEFEBRETO IENTE
fo. ZORER, HEEOMAITHEE L =ML & Rk
D-glucose DHL D IABZEE & /R A, KT AR—
& — 3L B & D KEMFG D= DITH D ATNI N D
Th<, hEMEEDSERE, JRHOERINOEZDIT
bHERETAIEZHSNITHI ENTE (Fig.
12) .39 2 D%, i/ AIVIRIGRER TH S 7
Lt 7 c ARPUVEME ORI S5 T 5 X T F R
T 2 AR—F — N ORI bR BB L C,
HEMEEOBZEICHKEL TWSZ LD TH
D, %I NT > AR—% —2FH L =5y o 0
IR Ot E D HIFRFTE 5.

YA ERAL & LT O kIS o B 03,

O BBE - FoYELE B R % E#TE 5.
@ HENHETH 5.

® WA EEDIRN.

0)

MmERICE

140
120 *

100

80 1 *

Amount transported (nmol (mg protein))

0 10 20 30 40 50 60
Time (min)
Fig. 12. Time Course of Glucose Transport across Cultured
Stratified Cell Layer of Human Oral Mucosal Cells’®
@, p-glucose; O, L-glucose. Results are expressed as the mean=+S.D. of

three experiments. Initial concentrations of p- and L-glucose were 0.5 mm.
*p<0.05; **p<0.01, compared with L-glucose.

© RFEBIDE).
©® RSP <, [\E D F,
@ aA>TIA4 T ANRKN,

BENFET SN,

9. &HYIC

PAE, KR Z A U 7= 3P WX o il (R 1 O fig iy &
WAV Ck 5 2B DI FER R &2, RRICTHILE & ek
BRI DOWTHERR L7z, ROR5I3EF IR ZITA
NHENPTVIRGRETH D0, ROKLGTHHT
HBINAFTT XA ZEY T 1 IG5 NTIRWEY N DI
7BV, ZHITHILT B720121%, N1 FTXRAZ
EY T MEWEREZ T LTS ML, 5eikd
5 hFEERNVHI BT RS n. G TREeR
HYED =912, bNbNOWIE T O R %
HIZRENWEEZZTNS,

BE DRI, EEIEEMAR A EE
2 S R 1L R B ER SR A A BB ITAERE U Tz 44 4F
R T3 7= SEW) D RERR IR BE S 2 WHFE R O —
HThbd. AWEKADITHZD, HEEE 1NS
A TIHW - BATSE RE— R A, SOiR{— %
A, X, RGO REL OISR E BA THWEZEK
Takeru Higuchi St B ICIRER DB E LR L £7.
X, #&EAERE IS ETEW /N R AEITHRD
KON U ET, HITHIEERITLTER, H
M=, REEAN, BREE= LTFH=, @Em
%, KFEE —DK, I 5ICHEERF I KA
FEE, MILREIEEIRIER A HE THREDO I
LU CIHW AR ITE#H N L ET.
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