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Effects of Chinese Herbal Medicines on Intestinal Drug Absorption
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Sho-saiko-to (Xiao-Chai-Hu-Tang), one of the major traditional Chinese medicines, has been frequently
prescribed with other synthetic or biotechnological drugs for the treatment of various acute or chronic diseases in Japan,
and thus it is important to understand the interactions between Sho-saiko-to and coadministered drugs. This paper rev-
iews the effects of Sho-saiko-to on the pharmacokinetics and pharmacodynamics of concomitant drugs in the gastroin-
testinal tract. Sho-saiko-to slightly hastens the gastrointestinal absorption of the sulfonylurea compound tolbutamide.
Furthermore, it is considered that the increase in the gastrointestinal absorption rate by Sho-saiko-to may potentiate the
hypoglycemic effects of tolbutamide in the early period after oral administration. Sho-saiko-to can facilitate the epitheli-
al membrane permeability of tolbutamide at an early phase across the rat jejunum in situ and Caco-2 cell monolayers. It
is also suggested that Sho-saiko-to enhances the energy-dependent transport of tolbutamide and has an inhibitory effect
on the passive paracellular transport of tolbutamide in Caco-2 cells. This result might be related to the accelerated in
vivo absorption rate of tolbutamide by concomitant dosing with Sho-saiko-to in rats. In addition, Sho-saiko-to has in-
hibitory effects on the efflux pump mediated by MDRI1, and it appears that the crude constituents in Glycyrrhizae radix,
glycyrrhizic acid and liquiritin, contribute to MDR1 suppression.
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FEAKFIRAE D TT BUBE R G B OIREICH WS NS
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Fig. 1. Time-courses of Plasma Tolbutamide Levels after
Oral Administration of Tolbutamide (50 mg/kg) with or
without Sho-saiko-to (300 mg/kg) in Rats

Each point represents the mean=+S.E. of 5 rats. *p<{0.05, significant
difference from tolbutamide alone (Student’s #-test) . Each line indicates the
simulation curve for the mean data by the computer program, WinNonlin.
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Fig. 2. Decrement of Plasma Glucose Levels after Oral Ad-
ministration of Tolbutamide (50 mg/kg) with or without
Sho-saiko-to in Rats

Each column represents the mean +S.E. of 3 rats. *p<{0.05, **p<{0.01,
significant difference from tolbutamide alone (Student’s #-test).
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Table 1. Pharmacokinetic Parameters of Tolbutamide Esti-
mated from Plasma Concentration-time Data after Oral (50
mg/kg) and Intravenous (5 mg/kg) Administration of Tol-
butamide with or without Sho-saiko-to (500 mg/kg)

Parameter Tolbutamide alone With Sho-saiko-to
MRT iv (h) 5.524+0.26 5.66+0.14
MRT po (h) 7.00+£0.31 5.85+0.22**
AUC iv (ugh/ml) 141.4+£20.5 142.3+4.3
AUC po (ugh/ml) 1312+37 1050 +29**
MAT (h) 2.16+0.47 0.77+0.34*
CL,ps (ml/h) 0.56+0.12 1.75+0.66*

F 0.934+0.03 0.74+0.06**

MRT: mean residence time, AUC: area under the curve, MAT: mean

absorption time, CL:

absorption clearance, F: bioavailability.

Parameters were estimated by use of the computer program. Each value
represents the mean+S.E. of 4 or 5 rats. * p<{0.05, ** p<0.01, sig-
nificant difference from tolbutamide alone (Student’s #-test).
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Table 2. Effects of Sho-saiko-to on Apparent Jejunal Absorption of Tolbutamide after Placing Tolbutamide (500 ug/ml) with or
without Sho-saiko-to (75 mg/ml) in Rat Jejunal Loop

a a CLa CLabs
Group %) (min-1) (ul/min) (ul/min)
Tolbutamide alone 343428 0.0280-+0.0028 42.0+4.3 39.442.3
With Sho-saiko-to 40.6+2.4* 0.0348+0.0027* 52.144.0% 51.746.4%

F,: rate of absorption, k,: absorption rate constant, CL,j,,: apparent disappearance clearance from jejunal loop, CL,y,: absorption clearance into blood. Each
value represents the mean=+S.E. of 3 or 4 rats. * p<{0.05, significant difference from the tolbutamide alone (Student’s #-test).
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Table 3. Effects of Various Compounds on the Apical-to-
basolateral Transport of Tolbutamide across the Caco-2 Cell
Monolayers

Compounds Conc. Py (% of control)
L-Lactate 10 mMm 100.4£5.0
Acetate 10 mM 60.6+6.6**
Benzoate 10 mm 34,842, 7%
Succinate 10 mM 111.5+5.2
Gly-Sar 10 mM 86.5+6.6*
Probenecid 10 mm 53.0+3.3%**
DNP 1 mMm 69.4+£9.5%*
NaNj; 10 mM 2342, 1%
FCCP 50 um 88.3+1.0*
DIDS 1 mm 106.2£3.1

Gly-Sar: Glycylsarcosine, DNP: 2,4-dinitrophenol, FCCP: carbonyl-
cyanide p-trifluoromethoxyphenylhydrazone, DIDS: 4,4’-diisothiocy-
anostilbene-2,2’-disulfonic acid. Caco-2 cells were preincubated with DNP
or sodium azide (NaN;) for 20 min. Each compound was added to the api-
cal side with tolbutamide (1 mm). Each value represents the mean+S.E.
of 3 or 4 experiments. * p<{0.05, ** p<0.01, *** p<{0.001, significant
difference from the control (Student’s #-test).
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Fig. 3.
Monolayers for 10 min

Effects of Sho-saiko-to on the Apical-to-basolateral Transport of Tolbutamide and [4C] Mannitol across the Caco-2 Cell

[14C] mannitol (50 um) or tolbutamide (1 mm) were added to the apical side without (control) or with Sho-saiko-to (50 mg/ml). Each column represents the
mean=+S.E. of 4 experiments. ***p<{0.001, significant difference from the control (Student’s ¢-test) .
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PIEDFER XD, Caco-2 flfid BEMKIZH W T/
SRS MV T & 2 RO M Ok iz xt LT,
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N B3 3t P TTHE L T AR TR 28 R 1T T D B RE T
TERMERIRRTH S EE A '5316. ZDXDIT,
B BEI T H 2 /NEGIIEEEICB T2 ML T
2 ROEEHEICHL, —mEOERZEAEL TN
ZENHSNEBS T, Thabb, MLVTYIRD
HARIENERRE IR U TIEIMBIISIER L, R
fEE I U TR EEFEHZAEL TNWSZETH
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Fig. 4. Effects of Sho-saiko-to on the Apical-to-basolateral

Transport of Tolbutamide across the ATP-depleted Caco-2
Cell Monolayers
Caco-2 cells were pre-incubated in the presence or absence (control) of
10 mm NaNj; and 10 mm NaF for 20 min. Tolbutamide (1 mm) was added to
the apical side with or without Sho-saiko-to (50 mg/ml). Each column
represents the mean=+S.E. of 4 experiments. ***p<0.001, significant differ-
ence from the control (Student’s #-test). tp<0.001, significant difference
from ATP-depletion (Student’s z-test) .
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7 4% EEMK (LLC-PK1) KUY LLC-PK1 IZk
N MDRI1 &z F%2 ~J > A7 7 K L7z MDR1 %
2 Td 5 L-MDRI #1270 % F 7=,

¥9, MDRI OEYfA#EENBEIND K E
MifazmAnT, POF > OPHEEREICKT S /NE
B R O DR AESE (U O, Bupleuri Radix ;
v, Scutellariae Radix ; 712277, Glycyr-
> 3w % 3w, Zingiberis Rhizo-
ma ; )\>/7, Pinelliae Tuber ; % 1) 77, Zizyphi
Fructus ; —> 3>, Ginseng Radix) DEEIZDWN
THEZTT> 72, T OER, TERIFEEIAEML 72/
Sel1%%5 13 MDR1 233819 % Caco-2, L-MDRI i il
IZBWT, MDRI OEETHL> I+ > DHEHH
BRIk U TN B EER 2R L ZDITHL,
MDRI1 738 L TWsly LLC-PKI1 flifil T3 21X
g INZholz. Lo T, NERGIZCIF
DIUDZHWAICEIEEEGA NI E, KU
MDRI1 O Wk R K L TIIHEMEMRZ2E L
TWab Z NIk, £7, Caco2 XU L-
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BH N RBEN Y T F T 2 ORI
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MDRI1 @ 3 ¥yl kMR K 3 2 MHIERE A >
TDOFEPRENVDD LRI NZ, EIHIT, I
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WL F W, UZ41UF ) @ MDRIHEERHIC
DWTHF L2, L-MDRI @iz nTr Y
FIVIF B, UIAUF > ORMECITTF>
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4. HHYIC

PLED#ERKID, /NESGOHFRICED MILT S
2 ROYHIHLERINDfEEIEE Z O, KM FEIE
RSN D D ENHENERS . ZOH
BAERIZ/NESRGIC L D VT 5 2 ROELERE

rhizae Radix ;

I BV B RN ERZE R O TUED F /- 2 FE BT
ThOEDZENRBI N, £, NEHSIZ
MDR1 % 41 U 7= ZE 4 8k i 22 12 U B0 B9 12/ A
THIELEAML, BREETHLIH Y oN
MDRI [HEERICB W T EZ2&EZREZL TS
D, MDRI HEEHZHL TWBKIE7 YU FIL
DF BRI IA)F > THDIENHLEMNER
> 7.

ARWFE TIRBEE S AN ERIGERZ ICB N TS
BHAERZRTZENHASNERD, I NEK
A DRI E RN BB EIC K D, RBix> 724
HERZEEUHEL ZENTHISNS, 5%, BEHE
ETERZ O U S OMAIER & O AT
BT 2 E M A R L, BROBITIEML
TN ZENEENS.

R ARWIIEIX SR K AR g e S A
T2/ DTHD, RFEDOEITICEL, ¥

M, THREIUEEBOELEEAEANERE, &
RiEmBh R, LFRMEHE L TITHITnkZnik
EAEERE L, LA EELICERWZLET. £
7o, MildziEEWLLEE, BEEBEE THR W
W BEREFET (M 20, R4
BHZ OWEIE  {#d%, St. Jude Children’s Research
Hospital @ Erin Schuetz {# 1, 432 ZiE 4t /=
WY ASRRICIZZ 0B ZBED L THELEL
FFEY. ZoWEO—IMIZERAFE (HERER
R EFEBEWMFIREI B R e, HA LR E
DRERR BB S GRS ICXDERE N
HbOTH5H I EEfTRWELET.
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