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Abstract

Indican (indoxyl- 5 -D-glucoside), a precursor of the blue dyes indigo

and indirubin, is abundant in the roots and leaves of Isatis indigotica L., a
popular Chinese herb, which was increasingly used by the public during
the SARS panic. This study aimed to investigate the pharmacokinetics of
indican and furthermore, the effect of coadministration of indican on the
absorption and disposition of methotrexate (MTX), a bicarboxylate
antimetabolite with narrow therapeutic window, was evaluated.

Indican was orally administered to male Sprague-Dawley rats at
doses of 20.0 and 40.0 mg/kg. The blood samples were withdrawn via
cardiopunture and assayed by HPLC method for the concentrations of
indican and indoxyl sulfate after deproteinization. Our results showed that
indican was absorbed per se and mostly metabolized into indoxyl sulfate in
rats.

Rats were orally given MTX with and without indican at doses of
10.0, 20.0 and 40.0 mg/kg in a parallel design. The blood concentrations of
MTX were assayed by fluorescence polarization immunoassay (FPIA)
method.  Pharmacokinetic =~ parameters  were  calculated  using
noncompartment model of WINNONLIN. The results study showed that
coadministration of 20.0 and 40.0 mg/kg indican significantly increased
the area under the curve (AUC) and mean residence time (MRT) of MTX.

In conclusion, indoxyl sulfate, a substrate of MRPs (multidrug
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resistance-associated proteins) and OATs (organic anion transporters), may
compete MRPs/OATs with MTX to result in the delayed elimination of
MTX. We suggested that for the sake of safety, the coadministration of

indican-containing herbs with MTX should be avoided.

Key words: indicaz ~ indoxyl sulfate - isatis indigotica L. - interaction -

pharmacokinetics
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Fig.1. Localization in polarized cells of the conjugate export pumps (apical), MRP1

and MRP3 ( basolateral ). Endogenous and xenobiotic substances, which may
undergo conjugation with gluththione, glucuronate, or sulfate prior to

ATP-dependent MRP-mediated export, are indicated. ( Dietrich Keppler,

2000 ).
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Table 1. Tissue distribution, substrates and inhibitors of the MRP family

Name Symbol Tissue location Expression level Selected substrates
MRP1  ABCC1 all major tissues differ in various glucuronide,sulfate and
organs and cell line glutathione conjugates,
MTX
MRP2  ABCC2, liver, kidney furosemine,
cMOAT intestine, brain  indomethacin MTZX, vinblastine
MRP3  ABCC3 small intestine, low level in liver,  anionic glucuronide and
pancreas, colon brain, kidney and  glutathione, MTX
placenta, adrenal prostate gland
MRP4 ABCC4 kidneys low level in other ~  adefovir,zidovudine
tissues naltrexone
MRP5 ABCCS most tissues low levels adefovir, 6-MP
mercaptopurine
MRP6  ABCC6 liver, kidney low level in other  glutathione, cisplatin
tissue etoposide, daunorubicin
MRP7 ABCCI10 most tissues very low levels
MRP8 ABCCI1 normal breast, low levels in 5-FU, dde, MTX
testis liver, brain and PMEA, bile acids
placenta
MRP9 ABCCI2 breast cancer, low levels

normal breast,

testis, brain
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Fig.6 Schematic diagram of drug transporters expressed in the liver in rat and
human. Bile salt export pump (Bsep, BSEP) is a primary active transporter for

bile acids on the canalicular membrane.
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Table 2. Examples of nephrotoxic and neurotoxic agents demonstrated to interact

with OATs.

Nonsteroidal anti-inflammatory drugs Uremic toxins Antivirals
Acetaminophen Naproxen Hippuric acid Acyclovir
Diclofenac Phenacetin Indoleacetic acid Adefovir
Ibuprofen Piroxicam Indoxyl sulfate AZT
Indomethacin Salicylate Gidofovir
Ketoprofen Ganciclovir
Antibiotics Chemotherapeutics Heavy metals Mycotoxins
Cephalosporins Methotrexate Cadmium Ochratoxin A
Penems Mercury
Penicillins
Chlorinated phenoxyacetates Neurotransmitter metabolites

2.4-Dichlorophenoxyacetic acid 3,4-Dihydroxymandelic acid

3.,4-Dihydroxyphenylacetic acid
Homovanillic acid (HVA)

Douglas H, 2005
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Table 3. Selected species, sex, and tissue distribution of OAT family members.

Tissue expression

Gene Species Kidney Liver Choroid Plexus
Oat 1 mouse M>F — +
rat M,F — +
rabbit + ND ND
human + — ND
Oat 2 mouse M,F F (K>L) +
rat M<F M,F +
(F;K>L) (M;L>K)
rabbit * * *
human + ok ND
Oat 3 mouse M,F — +
rat M,F M (K>L) +
rabbit & ND ND
human =L + ND
Oat 4 mouse %
rat *
rabbit %
human . ND ND
Oat 5 mouse M,F — —
rat + ND —
rabbit
human
Urat 1 mouse M>F ND ND
rat *
rabbit *

Symbols: M, male; F, female; —, not expressed; +, Expressed; ND, not determined; K, kidney;

L, liver;
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Table 4. Molecular characteristics of organic anion transporters in the kidney.

Name Species Chromosome Tissue Nephron Membrane
lacalization distribution distribution localization
Oatl human 11ql1.7 kidney PT BLM
rat kidney PT BLM
mouse kidney PT ND
Oat2 rat kidney ND ND
Liver
Oat3 human 11qll.7 kidney ND ND
mouse 19 kidney PT ND
rat kidney, liver ND ND
brain,
Oat4 human kidney Luminal
placenta
Oat5 mouse kidney

PT, proximal tubule; BLM, basolateral membrane
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Table 5. Functional characteristics of organic anion transporters in the kidney.

Name Species Transport substrates Inhibitors
Mechanism
Oatl human OA/dicarboxylate PAH Furosemide
Antiport probenecid
rat OA/dicarboxylate PAH;salicylate Naproxen
antiport MTX,cAMP piroxican
acetylsalicylate, probenecid

indomethacin,folate phenacetin

Oat2 rat ND PAHMTX, ketoprofen
PGE,salicylate rifampincin
Oat3 rat ND PAH,cimetidine proxicam
Estrone-sulfate sulfate
Oat4 human OA-DC exchanger  zidovudine
Cimetidine
Oat5 human ND
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% 7 & Methotrexate (MTX) z_ 4+

(-5 2]
N-4-[(2,4-Diamino-6-pteridinyl)methylamino]benzoyl]-L-glutamic acid;

4-amino-N'"-methyl-pteroylglutamic acid

[ 43 ]
o)
NH, NH
N
N7 S N HOOC
LA |
HoN NT N HOOC
[~+5]
C20H22N805
[»~+&]
454 .45
CEELEER

Methotrexate (MTX) A7 A3 K ~ 2 B ~ & 7 ~ ¢ @ 53304k
R § vy 2 BB R RY o M3 6N B - pKa

@5 48 % 550
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,,
g
i

)

MTX % ripez 2f £ fe 74 $ » B> #ih 3 (antimetabolites ) Z 3~ o
MTX{e v eh it 4 polyglutamate ¥ & ( folic acid ) =it F ¢ 4p
o gxd - 3 Fpk:B s (DHFR) shER S E =% - r«t’DHFRT %
i s S R §ER (FH) s 8 S5O0t
(thymidine ) frekrs $2Hf& (purine nucleotides ) =& = % i o gt 17
* Efs R A= o MTX 0 polyglutamates € flm?e p frd|H v
enfi% % > 4% ¥ amino-imidazole carboxamide ribonucleotide ( AICR )

transformylase ~ thymidylate synthase (TS ) °

[#+ %+ F]

MTX & » 'w?% 4% > ¢ 7 7 human folate receptor (HFR )%
reduced folate carrier (RFC ) #7%¥ (Strum etal., 1981)> &> 3 & & pF

S8 B FRE w0 GiEP 2 B COOH M4 § 75 f 425

B de el mse o ki RE 2 RS AR 0T 8% MR
FETHG 700 10% PR
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MTX &8P € FIfEZ (5% a 24 3 A2 S8 deo™ @
1. 7-Hydroxy-methotrexate
d 3752 aldehyde oxidase % pterine ring } (7 C-7 & {7 § it #7
B HEMGE MTX 2 1/100~1/200 -
2. 2, 4-Diamino-N'"-methylpteroic acid ( DAMPA )
MTX # g8 d carboxypeptidase i 3#= DAMPA » 38 + 4
A sE NS5y o HiFEMHEGE MTX 591/200 -
3. MTX polyglutamates (MTX-(Glu),)
MTX % polyglutamate synthase e7ie* m f& it 42 2-7 B
glutamate e 4 o 3 #7 % 45 31 7 F glutamyl chain length =%
Bftimie ) F A R ARR F T 0 MTXA(Glu), 22 3% F € 5 % 0
%2 wre % 14 (Hillson&Furst, 1997 ) # & 4&2_ % 34 4+ DHFR 7§
R e d o Fla 3 DNA £ & 2 wmie 4 £ A 2 Frdl v o

Fooh o gt R flmie o2 € 4] TS e AICAR- transformylase e
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(0]

At J @)% — xﬁ TQ*(L

Methotrexate \ 7-OH Methotrexate
\ HoN N N
TN
NPZ . > N
HOOC
/J\\ :]///\\l NH, [: :::\\

HOOC 1,3-DAMPA

COOH

COOH

Methotrexate polyglutamates

Structures of MTX and its major metabolites

(&5 ]

Tl b e LRFrGIR > * TR A drdlR T o TR L 0
TR AR R ST B AN e » i (Evans et al., 1986 )
oA & T B~ F kB (Aquerreta et al.,, 2004) % FLug 5 F b * A
o p WML E B o Aok JRALE & & % (Burchini and Orsi,2004 ; Ward,
1999) & 4L ~ 5 MA Lz~ 2 4 F (Chladek et al., 2002 ;

A2

Grim et al., 2003 ) ~ 2% -
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(& e ]
S Y R R N T N AN S RN
INNEERY vt‘g:‘gi ~ K &‘JJ‘/‘ ; ‘}%3}%/}‘:}_\? B”;:’i o 3‘\%&;1‘%‘] f/T:‘)}" } ‘rf],gm)?é-%- f,‘[:"}l' %/.'\:‘L’%

Pg—fﬁj‘j& AR TE NS % o ok L85

g

, %, L s N NI 2
o A kiz ik A F e s

WPET R AL L R TR AR L A 4 R ¥ 4

A»k

B A TRB RETR - PIAHIETI2 WL F

2

;,,L%\u 4 é‘]‘%}i(}é x o

(#5235 icr )

MTX s # F-d T8 & F 550~709 % 5 2% 3v B & F e
P4 23 7% o 422 NSAIDs ( aspirin ¢ iclofenac > ibuprofen -
ketoprofen ° naproxen) & * pF F]Z el w ¢ Fv FR & @ FMIX
pod kRN o ¥ b TG peg] Bl g e i (TR A ] 5'“’?\
FA A GRS T FRE T MTXhitrg o Bla 8 S MTX 04
}% o Penicillins §= probenecid 7= & MTX#H X 4] %] ? A L IR s

7 3 S MTX 54 2 o

28



% = & Phenolsulfophthalein ( PSP ) z_ # 4

Phenolsulfophthalein (PSP ) & 3 & ¥ % “,’TT X Flam Bt
BRRA L B ARl o ¢ ¥ pkdn J) PSP & Mirp2/Oatl, 3 £ 5 A
.44 (Shirou, 2003) - ¥ - 4 p = 7 dptho T &5 Mrp2 Fr4)# pF o
PSP i @ [k P BEH B 0 SR L PR PR Y o A X Mip2 A 5
3 # 1EP EHBR + BUARM 403 PSP 3L 3§ 1k 1 BTS00 2 F 2 B -
RS G0 1A B e Caco-2 2 HEAl 0 FFL A PSP 22 Mrp2
Fr#) & pF > PSP B % # >t 322 i (Shirou et al., 2003 ) -

¥ b5 — OATs % PSP & 3 i & ¢ 7 3 ¢ » & %[#1 OATI,

/\
Vag

32 % B PAH % cimetidine * % % &7 ¥+ PSP 2. ¢ JE R ~ fﬁf&#fuf

:\; ?»p;ﬁ’j‘_kylf- ’féﬁq\.ﬂgge,ﬁiﬂ o F—ﬁlﬂ%‘%ﬁ‘_'f—r ’PSPL;’E’ OAT3 E‘;A’%"‘EL

Fe4 v OAT1 5 % (Shirouetal., 2003) -

FE LR T > MRP2/OATL, 3 $:83 - fu PSP chiptef 1

PFER b d o
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- BE
1. Acetonitrile (LC Grade) J.T. Baker, Inc. (Phillipsburg, N J, U.S.A.)
2. Ethyl ether Shimakyu’s Pure Chemicals (Osaka, Japan)

Sigma-Aldrich Chemical Co. (St. Louis,
MO, U.S.A))

Mallinckrodt Baker, Inc. (Paris, Kentucky,
U.S.A)

3. Methyl paraben
4. Methyl alcohol (LC Grade)

5. Ortho-phosphoric acid (85%) Riedel-deHaén AG (Seelze, Germany)

Sigma-Aldrich Chemical Co. (St. Louis,

6. Indican MO, U.S.A.)

7. Indoxyl sulfate Sigma-Aldrich Chemical Co. (St. Louis,

MO, U.S.A))
. Sigma-Aldrich Chemical Co. (St. Louis,
8.Phenolsulphthalein MO, US.A)
9. MTX Wyeth Pharma Gmbh (Wolfratshausen,

Germany)
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10.

11.

N

Pk ok B IR
Microprocessor pH-mV meter
CRLE I

7 200 M/H
TR

Vortex Genie G-560
RERFETE
Bransonic 8120

PR AR R K
BT-350
FAOEMEE
N-EVAP 112

AT X T

AB 104

BB A B

Pipette 2-20 uL, 10-100 pL,
20-200 pL, 100-1000 pL

TR

Eyela Aspirator A-2S

T AR

HP-20

fEE LA AT R
ELISA reader
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Wissenschaftlich-Technische
Werkstitten GmbH & Co. KG
(Weilheim, Germany)

Hermle Labotechnik GmbH (Wehingen,
Germany)

Scientific Industries Inc. (Bohemia, NY,
U.S.A)

Branson Ultrasonics Co. (Taiwan.)

Yih Der Instruments Co., Ltd. (Taiwan)

Organomation Associates Inc. (Berlin,

MA, U.S.A))

Mettler Toledo (Switzerland)

Eppendorf-Netheler-Hinz Gmbh
(Germany)

Tokyo Rikakikai Co. Ltd. (Tokyo, Japan)

Shin Kwang Machinery Industry
(Taiwan)

Thermo



L1 & s Ap & 47 % # 42

12.

13.

(DT
LC-10AT
)% 47 ¢

Apollo C18
(250%4.6 mm, Alltech)

(3)% 4L jh i

(4)% *b % 1 ip) B

SPD-M10AVP diode array detector
(5)p &1 5 %

SIL-10A
e EREL

Luminescene Spectrometer
LS-50B

¥R L E A TR

TDxFLx Analyzer
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Shimadzu (Kyoto, Japan)

Nacalai tesque (Kyoto, Japan)

P.J. Cobert Associates, Inc.
(St.Louis, Missouri, USA)

Shimadzu (Kyoto, Japan)

Perkin Elmer Series 200

Perkin Elmer Inc,
(Shelton,CT, U.S.A.)

Abbott Laboratories
(Abbott Park, Illinois, U.S.A.)



R RE P B

1. #2338 L6042 4
3.0 mL syringe (0.55%25 mm)
1.0 mL syringe (0.45%13 mm)

2. % F
(0.9xL 70 mm, 1.5%L 120 mm)
3. Mg Bp
(200 uL, 1000 pL)
4. PeB e ¥
(1.5mL)
5. #-EF R

Millex®(0.45 pm, 13 mm)

(=) F&kd 4

Terumo Medical Corporation

( Elkton, MD, U.S.A.)

LATPEREF TP

Axygen Scientific, Inc. (Union city,
CA,US.A)

(Taiwan)

Axygen Scientific, Inc. (Union city,
CA, U.S.A)

Millipore Carrigtwohill,Co. (Cork,
Ireland)

Sprague-Dawley = v & » pp W 7rF sk 4o 7 o » B~ (S 475 20

CRFES GRS o RRERLYIGHES 21 C 12 X

Pt 20 TR R

R b i B & 2002 E HadE 2

C AP¥HR R BIF S50 10% o Do ERE Y

"R bR B R FiTER

( A guide book for the care and use of laboratory animals ) °



IR
I B S
(1) # F& F-P~ methylparaben 10.0 mg > ¢ » ¥ fF 2 % 1 10.0mL » =
F10mgmL 2 w3k F 0 ? PR~ TR BB 2P
[ BRI
Q)3 (pHS.0)

B~ 0.IN fgfegh 3% (1) 68mL > e » 0N ALz (2) I

100mL » £ 4 IN & § 422 % pH=5.0£0.1

(1) O.IN FE R4 i3 % :

%ﬁ.g".}/ﬁ' 7}<ﬁ?’,§,§ﬁ]\ 0.82 g e 7](/9';\ }i’ﬁi 100 mL -

(2) 0.IN iy pei i -

Bkt (d=1.049)0.6mL > 4k 3 100 mL °

2. Methotrexate (MTX®) %R

(1) #rmE 3 MTX (25 mg/mL)2.0mL > 4c-k 2% 3 20.0mL > ¥
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A%

3. 0.IN & 3 405 0R

»

Ik

Bed § 4 04 % > beok T 100mL o
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— ~Indican »t % B R 2 NH 4 F
1. #7% ;1 %t indican 2. R #$ 4 &
(1) Bz WA
(a) Indican # #% ;1 5473 %
A £ indican » 4 E AR 5B 40 B # = 20.0 mg/mL 2_j3
o T 0.22 um g B iR ) 0 7 indican #0% 2 63 R o
(b) Indican %% 7 %
# AL indican 1.0 mg > 4 ® FR3 32 A LF 2 1.0mL > fe
B 1.0mg/mL 2 REF AR B kR2ZFEER R BT
B SIS
(c) Indoxyl sulfate & 2% ;%
# A indoxyl sulfate 1.0 mg » 12 7 A3 j2x - 2% 3 1.0
mL > fe @l & 1.0mg/mL 2 &5% 3k » His kR 2 BB R

lj?ﬁ% 4;1%%‘1%“1 ,,, o
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(d) Methyl paraben p 152473 /%
# A methyl paraben 1.0 mg > *2 ® f3j3 23 - €% 1 1.0mL > fe
B4 1.0mg/mL 2 ER AR 0 BB kR EER R 0 BT B
e 9
(2) Indican x 15875 i 2 W H
# AL indican > 12 ¥ FRZ iR T AR F 0 WH 7.8-15.6°31.3°62.5
125.0 > 250.0 » 500.0 pg/mL % & B 2 HE3E3 % > & B 100 pL 538
AR o Ar o~ 900 pb 7 @ ﬂ"_')%“ Bk R AW 078 1.56 0 3.13 >
6.25 » 12.50 > 25.00 + 50.00 pg/mL 2 s 7 &3 7% -
(3) Indican # & &2 g #
B & A5k B i I3 200 uL o 2 800 uL # 4R (1.0 pg/mL,
methyl paraben) 2. ¥ f§3 %4 Fv o * FHIRF BIRF R L3575
o B (9,860 g) 15 448 B Gk 1 F F Rz £ 1450
ML 9 B33 2 > B 20 L i HPLC A 47 o 5 @ 43 % A 21 p R0 2

PG B A B R R R AR TR TR AR -
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4. Indoxyl sulfate x 7 #2873 ik 2 W&
# £ Indoxyl sulfate> v ¥ %73 13 3 -8 €% ®W & 6.25-12.5:
25.0 > 50.0 > 100.0 > 200.0 pg/mL % jE & 2 %3 % > & B 100 pL
TR Ao r 900 uL 7 v o ‘}%‘ BER AW L 06013525

5.0-10.0 - 200ug/mL _[L/F *’l“*g//\/]i? °

5. Indoxyl sulfate # & 4t 2. 5§ %
Poifaik R A R 200 pL 0 12 800 UL 7 P R (1.0

pg/mL, methyl paraben) 2. ® 33 Fvo > * Fp T FRT A

-

£33 15 @A (9.860g) 15 A4k Bt iR 0 U F RREC TS
£ 1250 pL 7 figi3 f3 0 B~ 20 pL & HPLC A 47 o 78 4p & & g1
TR 2E2 % G At B 4 W5 H R R B AR §F 0 T iR e £ A

FE 3 o

)
‘%‘ﬂ

B K
1) f ¥
i * 224 Sprague-Dawley ~ B0 6 £ » 8 € /3t 310~370 g >

FHDALGI2 P fd Gk RFLREL G [P
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(2) %%
FHEFEIR KT gd EFERIES 10.0 mg/kg
Indican #7%;1 &47% o

(3) #

CORSE S Z IS E LA 51530~ 60 ~ 120 ~ 240 ~ 480
720 ~ 1440 ~ 2880 % 4320 ~ 43 > <% T §] 2 5384+ 0.8 mL -
xR W A (9,860 g) 15 4 48 0 B K w i RT T 3T-30
T Giemir e

5. ‘}3,;‘- ® indican ¥ indoxyl sulfate 2. Z_#

P~ 200 uL & e & 0 2 800 uL 7 p 1% (1.0 ug/mL, methyl

paraben) 2 T fRiA3 k3 v > * FEIRT BRTEZIL B
# Y (9.860g) 15 A48 > Bt Rk 0 * F F eRucis 0 1150

ul ® B%4 f% > B~ 20 uL & HPLC % 47 -
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6. % »xiAp & 7 (HPLC) 2 A& 47 i i
R 47 ¢ : Apollo C18 (5 um » 250 x 4.6 mm)
#% # 48 ¢ CH;CN : 0.1% H3PO,4( 85:15)

pine i# ¢ 1 mL/min
¥ Bl £ ¢ 220 nm
P 4523 % ¢ methyl paraben ( 1.0 pg/mL)

7. A FTEELE 3 2 FEAT

(1) # % & (Precision)

#-% 8k R 2 indican % indoxylsulfate & FR85 % 0 A
WA RNE ST B p2 B FERF- KT T
UEEZ RERS A2 REEF PR RIRAE L= pp
2B pREFRRIERA S KHETSE (mean ) ~ &8 5L
( standard deviation, S.D. )% % £ i%#c ( coefficient of variation,
CV.)o

(2) &<k (Sensitivity )
#-indican % indoxyl sulfate &% %)k & - £ ﬁr% v B 3 Hop g
mAFEREN G B S 32 kR 5 H PR (LOD, Limit

of detection ) °
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(3) ®r AR (Accuracy)
ZARPPPEZZBPRRRTEIOEREE D ERRE 2
AP ¥3%- £ (relative error )% 77 2. o
(4) w4z ¥ (Recovery)
(a) Indican 2. ® 4z
#-indican ;3 >t 7 fg > ®WH 15.6~62.5-250.0 ug/mL = &k &
2 AREA R > £ P 100ul > A W4 900 pL F 9 5 F X U R o 0k
BA L 1.6625~250 pg/mL » kgl k7R 5 R itk
ST FRIL (S 0 1% HPLC L2 > Bk Ak & = €47 0“1
B2 ik AR s L Y PR RIER 0 E A&

T E?P;Z;\r_a«»]ig;%: o

(b) Indoxyl sulfate 2. ¥ 4z 3

#- indoxyl sulfate /37 f% > ®W& 12.5-50.0 ~200.0 pg/mL
R RZARER R - 2P 100ul 0 A B4 900 uL 7 9 o G E T
Ao @RS 5 1.3+5.020.0 pg/mL > 3 i e &2 B L
" HPLC =& > # @EA & = €47 > “TRIW L8 kAR > ' Ap

W2 " BarteER > ME AV AT TLw TS o
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8. #dp A 7
Indican % indoxyl sulfates z_# 4 5 % # % * WINNONLIN
(version 1.1 ; Pharsight Corp., U.S.A.) 2. 2% $i£;% (noncompartment

model ) % Excel ( version 7.0, Microsoft ) *+ & -
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2.7 JR indican 2. P #f# 4 B
(1) Bz Wy
(a) Indican T PRA %
# A1 £ indican » 4v Z 45k > Fefl & 10.0 mg/mL 273 7% »

¥ indican T PR% % o

e

(1) ##
g * z2 4 Sprague-Dawley ~ & 12 & > #8# & 4 >+ 370~420 g >

B LB G 12 F-pd ko LELBMEL G | pFo

F oL R &2 B %A 20.0,40.0 mg/kg indican T PRZ %

(3) #* =
COPRGE S 5153060~ 120 ~ 240 ~ 480 ~ 720 ~ 1440 -
2160~2880~3600 % 4320 A 45> 11 %% §12 N 3s 0.8mL o
Her Rt FAEs (9,860g) 15 A4 0 Bk R s R T 2T-30

T Gigrire
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3. < & 2 4 indoxyl sulfate 2. T &
1. $x
(1) # ¥
% % z2 4 Sprague-Dawley ~ v & 6 & » #8 & 4 3+ 470~550 g »

FTALZE G 12he pd Ak

()4 5

s AL
=R

El

8 12h 6 5~15~30~60~ 120 ~ 240 ~ 480 ~ 720 ~ 1440 ~
2880 % 4320 & 45> M HEE 12 V4R e 0.8 mL o E-n R ik S

S (9,860 g) 15 A 4a > Bk s FEFE 300 0 G 18 AT

b A7 E B R — F AT o
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= . Indican ** + EU48 P ¥ methotrexate # 4 5 2_ g2 58

(1) &2 %%
i * se+ Sprague-Dawley ~ B 25 & » 8¢ /32 330~400g > F
Bem B 12/ FF e pd Ak BB MFLE G | BF o
B BA ST BT AR LE - 585 50 mgke MTX i3 2
(2.5 mg/mL in water ) ¥ indican ;% ;% 40.0 mg/5.5 mL/kg > % = %=
& PR indican ;% /% 20.0 mg/5.5 mL/kg> % = % & PR indican ;% ;% 10.0

mg/5.5mL/kg » % v 223 MTX 3% % 5.5 mL/kg ek o

(2) s 2 e S

FHE(S 51530~ 60~ 120 ~ 240 ~ 480 ~ 720 ~ 1440 ~ 2160 -

Ik

2880 ~ 3600 % 4320 min > M BT ]2 N Fk e 04 mL > B 3k

B 0 129,860 g e 15 min s Bek FEF T -20°C 0 G 18 A 4 o

(3) %" MTX 2. 2 &
& ¥ &4 TDx Analyzer 12 % % i B~ 472 T8 LR 7
MTX ek B o 8 Sk & §# 7 0.00 ~ 1.00 (umol/L ) » B« i<k il ik

A % 0.01 (pmol/L) -
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(4) HAASLE 513 32

iz * WINNONLIN ( version 1.1 ; Pharsight Corp., U.S.A. ) » #2t
% 8 H5;7% (noncompartment model ) 3+ 5 # 4 & f#ic > 2 ANOVA %
Scheffe’s test # T 2 2w B+ & 48 f FE %312 28 (p<

0.05) -
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= ~ Indoxyl sulfate ** + EL %8 p %4 phenolsulphthalein # # % 2_ 3258

3]

S
(1) Indoxyl sulfate # 7% ;3 5474 ;%
H#ig £ indoxyl sulfate » ¥ #3% (pH7.0) pe @l = 10.0

mg/mL 7% % » T35 0.22 pm g B e 7 0 T E IR

o

i e

(2) Phenolsulphthalein (PSP ) ##7% ;3 &% /&
HALig £ PSP g e R (pH7.0) fefl™ 10.0 mg/mL 273

o 105 0.22 pm p B RS ] 0 T T IR L 63

n»

o
l

(3) PSP & %73 /%
WAL1.0mg 2 PSPs 12 ep i (pH7.0) 3 2% %% 3 1.0
mL> fe®] = 1.0mg/mL 2 p7537% > 2 s R 2 EH37% > B

1 iﬁhﬂlp/l’?(pH70) <Jlf%,‘v}’$m f,’ o
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2.PSP & iR iR 2 WA
HA PSP g ms % (pH7.0) B xR > €& 3.9
7.8~15.6~31.3+62.5~125.0 pg/mL % ;& & 2 {84 % » £ B~ 100 pL
AR 4 900 L 6 & WEARA S S 0395078 1.56

3.13~6.25 ~ 12.50 pg/mL 2 s F 3 0%

3.PSP#E M2 FH
B 100 pL s F P 53 0 0 12 300 pl 2 ® fRA R 3 Fed o
HERFTBRTIDIE - BEYs (9860g) 15 448 > Bt ik
180 pL » 4 » 20 uL 01N & ¥ 4037 » * R R BR T 23
{83~ 200 uL » 2 ELISA Reader 4 15 560 nm 2. v 3k (@ o 4 W] ¥+ H

IS EE VRS AT S

i% * 224 Sprague-Dawley ~ B2 6 & » #8€ /3t 370~420g >

FemALEG 12/ P pd &k BELBEZESe o
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6 8k BRNEA R S s ¥ i EERAMBELLS

PSPo &% = &A%+ 50mg/22.5mL/kg PSP # % /1 8474 /% » £ %54

10.0 mg/5.0 mL/kg w4 =% ;% (pH7.0) -

()4 s
B A5 0% 03 S0 155 30~ 60 ~ 120 ~ 240 ~ 480 ~ 600 ~ 720 %
1440 A &85 10 = 5% 112 74 4 0.6 mLe ¥ 7 6 &4t (9,860

g) 15 ~di > Bt Kk FRFE 300 0 his A4 o

5. A &2 W ed2 2 PSP 7 #

B 100 pL £ F 4 & 0 4 300 uL 7 A2 Fv o ¥
HERIBRRTEIE > Bd 4 (9,860g) 15 A4 Bt iR 180
L 4e > 20 uL I N & 5§ 43R E NFFRTFRTIHIEL P

200 uL 41 * ELISA reader 4 47 560 nm 2_ ¥ 3k g o
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6. Bp/edB 2 St 2
iz * WINNONLIN ( version 1.1 ; Pharsight Corp., U.S.A. ) »
% 8 #;% ( noncompartment model ) 3+ & & 4 & S #ic > 4 paired
Student’s t-test & T_ % 2 FFé 4 & 2 F F LN P2 A8 (p <

0.05) -
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A5 gl = 5L kg 2 1 =)

— ~ Indican ** + Bl fE QN 2. (N 4 B

RET 3 B HPLC-UV = % > A ds i o b F 12 5 B2
" AR F-d 0 16 A 4P ¥ 22 4 4F o Indican & £ M2k A F 5
0.78 ~50.0 ug/mL > #& & 52> 425% y=0.6096 x—0.0144 > )k & & L%
B AL RO R 2 AR R (1°=0.9999) o F B A 45 F chRg
FOAWEBEFIRPPNERD B DAEZ B R A 70 % 4o Table
10 2 Table 11 #77 o &gt a7 2 P PP 2 B p B2 %3 ik
(CV.) 2] %10 % > 4p¥t35-£ (relative error) 2273+ 20 % © x if
® indican 2. % 4T ¥ % 94.6~100.0 %> 4~ Table 8 2 Table 9 #7-7 - Indican

2 BoM7 % B4 (LLOQ): 0.78 ug/mL » ##14&*L (LOD )% 0.1

pg/mlL o FErxig % B » Aot R R R AR - BRAE PILF Y 2

o

< Bl r JR 20 mg/kg indican f$ > & ¢ 3 indican % indoxyl sulfate

¥ o Indican % indoxyl sulfate 2 T 355 % Jk A& & W] 5 27.9+3.1

fr13.8 4.2 nmol'mL™" » T 35, %5 # 4 & 5 1349.9+ 158.1 fr

31255.6 + 4805.9 nmol'min'mL™" » T ¥ Y 4w % 49.7£6.5 fe
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2373.3 £ 16.9 min > 4r Table 6 #r5= - Indoxyl sulfate 2. - 354 %
# 5 indican 2. 232 & » @ T 2% F PR 4 indican 2. 47.5 & > 4r
Table 6 #177 o

+ B v PR 40 mg/kg indican {$ > indican % indoxyl sulfate 2. T 35
W R R A H 5 758+ 182 40 242+ 8.5 nmol'mL ¢ T 3o B G A
A 8] G 3956.4 +669.4 - 28130.8 £ 1121.5 nmol'minmL™" > T 5% ¥

PFRF A %] 5 46.1 £1.7 4 2105.0 £ 84.1 min > indoxyl sulfate 2. L 35

{

n

3

56 4% 5 indican 2 7.1 B @ T ¥ g P 5 indican 2 46.6 £

~

4v Table 6 #171 °

~ Bk #7% 1 5 10 mg/kg indican 5 > x ¢ indican~indoxyl sulfate
2 kR~ BRI Eioph i B4 4o Table 6 2 Fig9 #177 >
indican % indoxylsulfate 2. T 355 % # 4~ W 5 1008.7 + 141.5 -
39456.8 + 5850.4 nmol'min'mL " » T 9% g R A w4 73.5+21.5 -
2522.3 + 84.1 min > indoxyl sulfate 2« # & ff 5 indican 739.1 &
B ot indican :& > w ¥ {5 0 FE A FHF 2 KR T2 TS
indoxyl sulfate o +* g v pR 20 &2 40 mg/kg = fA#H| & i 4 F 7 5 &
77 » indoxyl sulfate 2_x # & #f » % 5 indican 9232 & 7.1 & o
@ #| £ hindoxyl sulfate 2 & # % T &P B L R > BT indoxyl

sulfate & ¥ % & I A % indican | & 3 4v @ 3 4v > 7 12 4apld
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indican * #r= indoxyl sulfate e:E A2 ¥ st >t 20 mg/kg & & T © &
£ fe o F|P ¥ U 4EE o indican £ AR H A F 75 o

Indican v JR{s > = /] FFp F indican R A3 3w ¢ o
Z o PEZ {4 5 indican BT R A F| o @ N #d indoxyl sulfate
ARG AV Y PN o v RS L B BIAE T indican Poid
¥ indoxyl sulfate » 15 % &HEP F TR F L > 7 il 53
indoxyl sulfate 5 % **{f 7k o

ANETREHT 0 fwm U JRAF RIS A indican 0 ¥ L &

g

v %44 indoxyl sulfate 35 &3tk ? 0 PR TR AR £ o H 0B
s en72 ] PFow ¥ indoxyl sulfate 57k B 7 P9 B2 % 30 4 M dhindoxyl
sulfate- 3 < }}%#ﬂ i indoxyl sulfate &AM EFTHRE L &5 - BER
hfp % indoxyl sulfate 7 & ¥ chE ff § Ir | B & F 7 6 b o
S A SR T I s VR A B SRR S R LR A A A
c4f ¥k (Tsuneo, 2003 ) » F]¢t indican 2 7 indican ¥ % A JR2_ 1S

TELEEML-
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= ~ Indican ** = & 48} ¥+ methotrexate #+ 4 5 2_ §2 58

AFHRFADTFETRER T O FI R F I Bhos
TR 5 F %S MTX HPRPF > HRIMe < &5~ (Chao et al.,
2002) > Flp AR ST 7L o H IR MTX & 68 JR= fA L o
indican & » & F ¢ MTX 2 Jk & % x % S5 % it Bl4- Table 18 2 Fig
15 #7157 o PR MTX 2. L 350 &5 ff 5 75.5 + 24.2 pmol-min-L™
T PR 5 338.5+168.0 min; & PR 10 mg/kg indican 2. T 355 % g
# % 1450+ 6.9 pmol-min-L™ » T 327 F PR 5 1033.7 £ 41.2 min~ &
PR 20 mg/kg indican 2. T 355 % & 4% 5 201.3 + 22.7 umol-min-L" » T
G PR 5 1035.3 £43.7 mine & PR 40 mg/kg indican 2. T 355 % 5
# % 2282 +35.2 umol-minL” » T30 g R L 958.9 + 83.5 min o
oo e %% o Bom IR 1020 % 40 mg/kg indican pF 5 T 355 % 5
BA B 92% (p=020)~166% (p<001) % 202 % (p <
0.01 ); T ¥y g P A | # 4 1 205 % (p < 0.001 )~205 % (p <
0.001) % 183 % (p<0.01) » 4= Table 2-1 77 o

MTX {8 845+ 2 5 304 38 pH 7 ¢ 25 S 1L 45 < 37 § 47

% 4p 1 indoxyl sulfate = OATs & MRP 1-2~3 2 4 2 " ( Deguchi

etal., 2002) MTX » &_OATs & MRPs z % & (Chen et al., Kruth et
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al., 2001; Zeng etal., 2001 ) - ¥ § 7 3 45 &t » Kk & MTX ek pF
AFVBER MIX (3 {3 0 Fli MTX & MRPs 3. & 4 >

3 MTX 12 1k B 5 2 PFF > polyglutamyl synthase ¥2 MTX 2_ % & =

3 MRPs > @ 4 1% MTX~(Glu), & #4 2 & 4 o MTX-(Glu), # &
MRPs 2. % & » & d mre o eb > F 3 M dF s o Pt indoxyl
sulfate ¥ &z 22 MTX >t 48 ¢ 524 MRPs & OATs ¥:iFi% Fv o §
indican &2 MTX & * pF> ¥ i ¢ F]H % F4 indoxyl sulfate Ht+ OATs
2 MRPs @ & MTX 2 # %5 % - 3 MTX JF 72308 p hpr i a
E oo & & B MTX-(Glu), % 5 @ & 1 5% -

ApEiE- 7 &£ indican ¥ MTX # 4 § a3 55 20 mg/kg

% 40 mg/kg indican © PR {5 $F MTX o 2 6 ff £ & § PF R chfif 4o 2 R

-

To@m B E A R o kB indican 2_ # 4 & > 20 mg/kg £ 40 mg/kg & &

|

¥ s indoxyl sulfate 22 AUC 2 MRT + & &8 ¥ % £ - F]* » 20 mg/kg
#7 40 mg/kg indican © PR {$ »indoxyl sulfate 7 %8 p 22 MTX %% MRPg
21/8% OAT =42 B s 4p # o Indican szt it #e 4 B (7 5 > ¥ 31
& i 20 mg/kg &2 40 mg/kg = f# € chindican ¥ MTX # + &

PEARERLG PHLE -
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sulfate % MTX 2 1% § ol shie s

QE.L—L » indican 41"{' MTX 2z ﬂ_ﬂ%,‘ ﬁ/’ﬁg/%i@ﬁﬁ,i’%g&g_ﬁ

indican eh{ F1RAH 8 4 & &

iR R ¥ 22 MTX 14
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= ~ Indoxyl sulfate > + v EL§# p %} phenolsulphthalein # 4 5 2_ §2 58

ARy & BE 3] 0 31 % phenolsulphthalein (PSP)
MRP2/OAT1,3 % ’%ﬁ’ iR & 3 0 #5337 MRP2/OAT1,3 ¥+t indoxyl
sulfate L#H,f STENIF IR § oo RIEFH LR R WL E > H b1 6 PSP

2 fo P2 5+ PSP &2 indoxyl sulfate {5 » ~ 475 /¢ PSP 2 k& 2 n &

L —

g

v H 2% 4 Table.22 2 Fig.16 177 o H fb# 5 PSP 2. L35
& E G A5 1271.8 £124.6 pgminmL™ > T35 i 4 5 852.7 &
180.1 mL; ¢ FF4% 4 indoxyl sulfate p=> PSP 2. L' 355 £ 5 # 5 4071.7
+604.2 ug min -mL" » T 3254 5 84 5 3411 £51.5mL o 1t o= i
% %5t Fprd PSP 2 indoxyl sulfate F » T 355 # & ff &g ¥ 3 40 7
220% (p<0.01) » @ T4 F WA ER 1 60% (p<0.05)
ITEAY :}H 4 PSP & MRPs/OATs 2_ < & ( Shirou, 2003)  # %
B R Es% Y &g 0 PSP & MRP2 2 OAT1,3 & 5 8 Afr+
( Shirou, 2003 ; Kari, 2005 ) - Indoxyl sulfate & %8} 5 MRPs/OATs 7
XE 2P 2 OATI3 &5 B Mfrd o OAT1 E_ 31T ¥ § 05
BIL4T @ 3o > OAT3 B 0341 § 2 B4 T % > PSP %
OAT3 er33i4e 4 ¢ OATI B - ]t § indoxyl sulfate ¥2 PSP & * pF >

@t 5 MRPs/OATs m 33k PSP 2z $¢ “’T‘ ¥ BV #FEP & indoxyl
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sulfate =t ",’TT ¢ > MRPs/OATs 35 & & ek 4 o
Indoxyl sulfate ¥ - fAp 2 T3 PF 5> 72 € T ol
'ﬁ?%ﬁ%QK%A%W°$?%%%§ﬁWMMﬂmMR%PW?

=g

B FrAEY > AT UG £ auFE e o
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1. #7327 HPLC-UV & 472 » it b PF T & o ¢ indican %
indoxyl sulfate Jk B » ¥ &k = E 4 BTy 2 54 o
2. = B v JRZ F% 1 % indican {¢ > indican P-i# e 3B+ indoxyl
sulfate » @ 3 & 12 indoxyl sulfate 1 &> w % ¢ » 2 FFRET 40§
£ oo BB IRA BAHE o 4 B3 AT o indican B RBP4
MR F A BTG o
3. Indoxyl sulfate &P} F 4 % 4vid T2 i G » #3t 7 7 indican
E ERAA B AR EREYIRT FRALTH A -
4. Indican & JR MTX P » B F 3 4c MTX cul 86 ff 2 & 5 R -
o T PR R HEE G P R TR o Bk
* 7 indican ¢ir RS H B AR A S PF 0 RW AL R
MTX » M FEiR* E% > o
5. e PE#E %3+ PSP 22 indoxyl sulfate ¥ > indoxyl sulfate #7#1 7
PSP z_#t % v ¥ 42% 7 indoxyl sulfate gt “érf ¢ » MRP2 %

OAT1,3 gL &2 &4 o
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Fig.7  The chromatograms of indican (1), indoxyl sulfate (2) and methyl paraben

(3): (a) serum sample after oral administration of indican. (b) Endogenous

indoxyl sulfate.
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Fig. 8 The chromatograms of indican (1), indoxyl sulfate (2) and methyl paraben
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Fig. 9

Fig.10.

(3): serum sample after intravenous administration of indican.
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Mean (£ S.E.) serum concentration-time profiles of indican (@) and
indoxylsulfate (O) after intravenous administration of indican (10.0 mg/kg)
to six rats (n=6) .
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Mean (+ S.E.) serum concentration-time profiles of indican (@) and indoxyl
sulfate (O) after oral administration of indican (20.0 mg/kg) to six rats

(n=6) .
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Fig.11 Mean (£ S.E.) serum concentration-time profiles of indican (@) and indoxyl
sulfate (O) after oral administration of indican (40.0 mg/kg) to six rats

(n=6) .
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Fig.12 Mean (£S.E.) serum concentration-time profiles of indican after oral
administration of 20.0 mg/kg (@) and 40.0 mg/kg (o) of indican.

62



30 q

20.0 mg/kg indican (po)

+
25 o —O— 40.0 mg/kg indican (po)

15

10

serum conc. (hnmol/mL)

0 T T T
0 1000 2000 3000 4000

Time (min)

Fig.13 Mean (£S.E.) serum concentration-time profiles of indoxyl sulfate after oral
administration of 20.0 mg/kg (e) and 40.0 mg/kg (o) of indican.
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Fig.14 Mean (£S.E.) serum concentration-time profiles of endogenous indoxyl
sulfate (@) in rats.
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Table 6 Pharmacokinetic parameters of indican (ID) and indoxyl sulfate (IDS) of
six rats after oral administration of 20.0 mg/kg and 40.0 mg/kg indican and

intravenous bolus of 10.0 mg/kg indican.

Parameter 10.0 mg/kg, iv 20.0 mg/kg, po 40.0 mg/kg, po
Indican
C max 0.3+0.0 0.3+0.0
AUC (.2880 1008.7 + 141.5 1349.9 + 158.1 3956.4 + 669.4
MRT 73.5+21.5 49.7+6.5 452 +3.7
Indoxyl sulfate
C max 13.1+2.6 242+ 8.5
AUC g.2830 139456.8 + 5850.4  31255.6 + 4805.9 28130.8 £1121.5
MRT 2522.3 + 84.1 2373.3+17.0 2105.0 + 88.6*
AUCos  x 100% 99% 96% 88%
AUCo + AUCos

Data expressed as mean+S.E.

C max (nmol - mL'l): the peak or maximum concentration

AUC 4320 (nmol - min - mL'l): area under concentration-time curve to the last point
MRT (min): mean residence time

Values are means + SE. Means in a row without a common superscript differ. P < 0.05
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Table 7 The regression equations, concentration ranges and correlation coefficients

of indican and indoxyl sulfate in rat serum.

Constituents Conc. ranges (ng/mL) Regression equations r
Indican 0.78 ~50.0 Y=0.60X-0.01 0.99
Indoxyl sulfate 0.63 ~20.0 Y=0.83X+0.08 0.99

Table 8. Recovery (%) of indican from rat serum (n=3).

Cone. ] 2 3 MeantS.D.
(ng/mL)
25.0 98.0 90.9 95.0 94.643.5
6.3 97.4 102.5 100.3 100.142.6
1.6 913 99.4 98.1 96.3+4.3

Table 9. Recovery (%) of indoxyl sulfate from rat serum (n=3).

Conc.

+
(ug/mL) 1 2 3 MeanzS.D.
20.0 99.2 96.4 97.5 97.7+1.4
5.0 108.9 94.1 90.1 98.019.6
1.3 111.6 97.4 109.2 106.11£7.6
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Table 10. Intra-day and inter-day analytical precision and accuracy of indican in rat serum.

Precision Accuracy
Conc. Intra-day Inter-day Intra-day Inter-day
(ug/mL) Mean + S.D. (C.V.%) Mean+S.D. (C.V.%) Relative error (%) Relative error (%)
50.0 50.0£0.2 0.4 50.0+0.4 0.9 0.0 0.01
6.25 6.0+0.2 3.7 6.2+0.0 0.3 -4.7 -1.5
3.13 3.3+0.1 2.2 3.2+0.1 22 6.1 2.2
1.56 1.6£0.1 9.3 1.6 £0.1 5.8 -0.07 2.3
0.78 09+0.1 8.2 0.8+0.0 5.4 10.1 -1.9

Table 11. Intra-day and inter-day analytical precision and accuracy of indoxyl sulfate in rat

serum.
Precision Accuracy

Conc. Intra-day Inter-day Intra-day Inter-day
(ug/mL) Mean +S.D. (C.V.%) Mean+S.D. (C.V.%) Relative error (%)  Relative error (%)
200  202+0.3 1.7 202+0.1 05 0.9 1.0

10.0 9.7+04 3.8 9.6+0.7 6.9 -3.4 -4.1

5.0 49+04 81 50+0.0 0.6 -1.2 -1.0

1.3 1.4+0.1 5.3 1.4+02 10.8 10.8 11.4

0.6 0.7+0.1 1.7 0.7+0.1 7.3 14.9 18.0
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Table 12 The serum concentrations ( nmol/mL ) of indican in six rats after oral
administration of indican ( 20.0 mg/kg ).

Rats
1 2 3 4 5 6 Mean+S.E.
Time (min)

5 154 31.1 23.1 287 16.0 13.0 21.2+3.1
15 21.8 26.6 275 42.6 21.8 27.5 28.0+£3.1
30 10.8 16.0 164 157 8.7 17.5 142+1.4
60 49 50 65 68 28 138 6.6%1.6
120 1.5 1.8 26 25 15 39 23+04
240 ND 0.7 09 ND 05 09 05+0.2
480 ND 05 ND ND ND ND 0.1+0.2
720 ND ND ND ND ND ND ND

1440 ND ND ND ND ND ND ND
2880 ND ND ND ND ND ND ND
4320 ND ND ND ND ND ND ND

ND: not detectable

Table 13. The serum concentrations ( nmol/mL ) of indoxyl sulfate in six rats after oral
administration of indican ( 20.0 mg/kg ).

Rats
1 2 3 4 5 6 Mean +£S.E.

Time (min)
5 6.6 94 176 255 28 94 119 +34
15 70 88 21.0 308 2.6 123 13.8 4.2
30 6.3 76 213 186 1.8 162 12.0 £3.2
60 6.5 49 155 162 25 127 9.7 £2.4
120 47 44 108 104 3.0 7.7 6.8 1.3
240 70 32 80 90 21 32 54 £1.2
480 43 54 157 143 38 8.0 8.6 £2.1
720 50 41 98 47 37 73 5.8 £1.0
1440 49 3.6 77 10.1 43 43 5.8 £1.0
2880 84 54 122 128 43 59 8.1 £1.5
4320 80 6.8 142 161 54 104 10.2 £1.7
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Table 14. The serum concentrations ( nmol/mL) of indican in six rats after intravenous
administration of indican ( 10.0 mg/kg ).

Rats
1 2 3 4 5 6 Mean £S.E.

Time (min)
5 203 224 102 185 304 6.6 18.1+3.5
15 75 144 86 112 149 2.0 9.8 £2.0
30 124 74 7.8 13.6 10.7 9.8 10.31.0
60 36 13 50 60 39 18 3.6 £0.7
120 24 13 20 3.0 19 20 2.1 +0.2
240 1.1 ND 10 1.1 0.7 0.7 0.7 £0.2
480 I ND ND ND ND ND 0.2 £0.2
720 0.5 ND ND ND ND ND 0.1 £0.1
1440 ND ND ND ND ND ND ND
2880 ND ND ND ND ND ND ND
4320 ND ND ND ND ND ND ND

Table 15 . The serum concentrations ( nmol/mL ) of indoxyl sulfate in six rats after

intravenous administration of indican ( 10.0 mg/kg ).

Rats
1 2 3 4 D 6 Mean +£S.E.
Time (min)
5 7.5 44 42 48 29 35 4.6 £0.6
15 181 43 53 60 41 29 6.8+2.3
30 72 3.6 58 105 4.7 10.0 7.0+1.1
60 36 27 46 73 35 6.5 4.7 +0.7
120 42 38 36 97 3.0 52 5.0£1.0
240 24 56 42 52 28 4.1 4.0+0.5
480 85 48 84 29 49 50 5.8%1.0
720 127 3.0 47 48 50 3.1 5.5+£1.5
1440 98 51 76 49 27 19 53+£1.2
2880 96 73 120 59 71 3.5 7.6 £1.2

4320 96 10.6 132 80 7.5 8.9 9.6+4.0
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Table16 The serum concentrations ( nmol/mL ) of indican in five rats after oral

administration of indican ( 40.0 mg/kg ).

Rats
1 2 3 4 5 6 Mean £S.E.
Time (min)
5 283 229 508 30.8 37.0 466 36.1+44
15 899 423 643 284 60.7 534 565485
30 162.1 75.5 383 33.6 658 52.0 71.2+19.3
60 30.2 31.0 198 53 144 17.6 19.74+4.0
120 51 26 58 23 46 73 4.6 £0.8
240 1.2 24 08 06 1.1 1.3 1.2 +£0.3
480 ND ND ND ND ND ND ND
720 ND ND ND ND ND ND ND
1440 ND ND ND ND ND ND ND
2880 ND ND ND ND ND ND ND
4320 ND ND ND ND ND ND ND

Table 17. The serum concentrations ( nmol/mL ) of indoxyl sulfate in six rats after oral
administration of indican ( 40.0 mg/kg ).

Rats
1 2 3 4 5 6 Mean +S.E.
Time (min)
5 6.8 44 11.8 82 75 99 9.6+1.0
15 155 43 150 3.1 88 8.1 10.6 £2.0
30 26,5 3.6 101 73 83 124 20.5+8.1
60 237 2.7 142 68 59 103 12.7+2.7
120 223 38 88 66 7.1 95 9.2+2.9
240 121 56 57 72 49 152 8.4 +1.7
480 73 48 61 68 6.6 89 6.5+0.8
720 49 30 33 50 41 7.1 4.8 £0.5
1440 50 51 30 47 37 84 5.0£0.8
2160 60 53 50 69 53 62 5.8 £0.3
2880 35 47 81 72 52 24 5.2 +0.9
3600 70 7.0 49 75 51 33 5.8 £0.7
4320 58 72 81 56 60 84 6.8+£0.5
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Fig.15 Mean ( +S.E. ) serum concentration-time profiles of MTX (a) after oral
administration of MTX alone (5.0 mg/kg) (), and coadministration with 10.0
mg/kg (0), 20.0 mg/kg (¥) and 40.0 mg/kg( /) of indican ( A ); the semi-log
diagram ( B).
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Table 18 Parmacokinetic parameters of methotrexate among rats after oral administration
of methotrexatre alone ( 5.0 mg/kg ) and coadministration with 10.0 mg/kg, 20.0
mg/kg and 40.0 mg/kg of indican ( ID ).

Parameter MTX alone MTX MTX MTX

+1ID (10.0 mg/kg)  + ID (20.0 mg/kg) + ID (40.0 mg/kg)

n=7 n=6 n=6 n=>5
Cunax (umol - L) 0.27 + 0.03 0.2840.03 0.2620.04 0.300.03
AUC 880 75.54242°%  145.0£6.90® 201.3+22.7° 228.2+35.2°
(umol - min - L
Vz/F (L) 19.6+3.5 37.3+4.7 36.146.36 28.3+2.07
CL/F (L - min™") 0.06:£0.0° 0.02+0.0° 0.01+0.0° 0.02+0.0°
MRT (min) 338.5+168.0°  1033.7+41.2° 1035.3+43.7° 958.9+83.5°

Data expressed as mean+S.E
Vz/F: volume of distribution of the central compartment ( L )

CL/F: total body clearance ( L - min™)

Values are means = SE. Means in a row without a common superscript differ. P < 0.05
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Table 19. The serum concentrations ( umol/L ) of MTX in six rats after coadministration of
MTX (5.0 mg/kg ) and 10.0 mg/kg indican.

Rats
1 2 3 4 5 6 Mean £S.E.
Time (min)
15 03 02 04 02 03 03 0.3+0.0
30 02 02 03 02 03 03 0.2 +0.0
60 02 02 02 01 02 02 0.2+0.0
120 0.1 01 01 01 02 0. 0.1+0.0
240 01 01 02 01 01 o0.1 0.1+0.0
480 01 01 01 ND 0.1 ND 0.1+0.0
720 ND ND ND ND ND ND ND
1440 0.1 01 ND ND ND 0.1 ND
1980 ND 0.1 01 ND ND ND ND
2880 ND ND ND ND ND ND ND

Table 20. The serum concentrations ( pmol/L ) of MTX in six rats after coadministration of
MTX ( 5.0 mg/kg ) and 20.0 mg/kg indican.

Rats
1 2 3 4 5 6 Mean £S.E.

Time (min)
15 0.28 0.20 0.17 0.15 0.13 0.15 0.18 £0.02
30 0.34 0.25 023 024 0.19 0.22 0.25+0.02
60 0.25 0.22 021 023 0.28 0.19 0.23 +0.01
120 0.18 0.14 0.21 0.14 0.23 0.14 0.17 £0.02
240 0.19 0.18 0.11 0.14 0.18 0.10 0.15+0.02
480 0.09 0.06 0.07 0.11 0.26 0.06 0.11 £0.03
720 0.07 0.05 0.05 0.07 0.07 0.05 0.06 +0.00
1440 0.04 0.05 0.05 0.04 0.13 0.04 0.06 £0.01
1980 0.03 0.04 0.04 0.04 0.04 0.04 0.04 +0.00

2880 0.02 0.04 0.04 0.04 0.10 0.04 0.05£0.00
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Table 21. The serum concentrations ( pmol/L ) of MTX in six rats after
coadministration of MTX ( 5.0 mg/kg ) and 40.0 mg/kg indican.

Rats
1 2 3 4 5 Mean +SE

Time (min)
15 0.21 035 022 0.28 0.18 0.18 £0.02
30 0.19 040 028 0.25 0.23 0.25 £0.02
60 0.20 036 0.24 0.19 0.34 0.23 +£0.01
120 0.18 0.28 0.22 020 0.16 0.17 £0.02
240 0.20 0.27 0.18 0.14 0.10 0.15+0.02
480 0.14 0.10 0.12 0.03 0.05 0.11 £0.03
720 0.19 0.08 0.07 0.05 0.05 0.06 £0.00
1440 0.10 0.05 0.07 0.02 0.06 0.06 +£0.01
1980 0.09 0.04 0.07 0.01 0.05 0.04 £0.00
2880 0.07 0.04 0.04 0.01 0.03 0.05 £0.00
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Fig 16 Mean ( £S.E. ) serum concentration-time profiles of PSP after intravenous
administration of PSP alone ( 5.0 mg/kg ) (e) and coadministration with

indoxyl sulfate 10.0 mg/kg (0) (A) ; the semi-log diagram ( B).
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Table 22. The regression equations, concentration ranges and correlation coefficients

of PSP in rat serum.

Constituents Conc. ranges (ug/mL) Regression equations r
PSP 0.39~12.5 Y=0.019X-0.00 0.9994
PSP 0.39~12.5 Y=0.019X+0.001 0.9994

Table 23. Comparison of pharmacokinetic parameters of PSP of six rats administered

with intravenous PSP ( 5.0 mg/kg ) alone and with 10.0 mg/kg of indoxyl

sulfate (IS ).
Parameters PSP alone PSP +1IS (10.0 mg/kg)
n=6 n=6

AUC 1440 1271.8+124.6 4071.7£604.2%*
Vz 852.7£180.1 341.1£51.5%
MRT 397.1£51.3 572.2121.9%*
Half-life 1174.31659.8 1916.9£1050.4
CL 1.120.3 0.3+0.1**

Data expressed as mean+S.E

**p < 0.01 compared with PSP alone.
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Table 24. The serum concentrations ( pg/mL ) of PSP in six rats after oral administration
of PSP ( 5.0 mg/kg ) with indoxyl sulfate ( 10.0 mg/kg ).

Rats
1 2 3 4 5 6 Mean £S.E.
Time (min)
30 6.8 6.6 70 10.6 104 9.1 8.4+0.8
60 45 26 27 6.2 4.7 5.0 4.3+0.6
120 1.0 22 12 48 2.8 34 2.6 +0.6
240 27 22 08 29 26 29 2.3+0.3
360 09 09 12 3.7 27 29 2.0+0.5
480 20 1.0 14 32 2.6 3.1 2.2+04
600 24 31 19 4.0 24 2.7 2.8+0.3
720 2.6 2 lessien. 4.2 25 29 2.9 +0.3
1440 0.6 08 04 3.1 23 29 1.7 £0.5

Table 25. The serum concentrations ( pg/mL ) of PSP in six rats after oral administration of
PSP ( 5.0 mg/kg ) with buffer ( pH= 7.4 ).

Rats
1 2 3 4 5 6 Mean +£S.E.

Time (min)
30 TIPS oA 3.8 6.2 6.2 +0.6
60 2RGP9 MRS 13 24 2.3+0.2
120 05 10 05 1.0 07 08 0.8 +0.1
240 26 03 02 03 07 08 0.8+0.4
360 01 04 01 03 07 03 0.3+0.1
480 02 07 00 04 07 0.5 0.4+0.1
600 01 06 00 09 08 1.2 0.6+0.2
720 07 02 02 07 08 09 0.6 £0.1

1440 01 04 03 04 05 09 0.4 0.1
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222 ;% (Noncompartment model )

Toax © B DiEw @ kR BB 2 FFRF (min)
Cmax : & ¥ Z4 5 F:EA (nmol-mL")> (ug-mL™") >
(umol - L)
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AUMCy, : % - & L PR HBEF Y 8T 5 4 (nmol - min” -
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MRT : &4 2 T 39 5 B (min)
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"iték— Glossary

AUC

Area under a curve.
AUC 55t

AUC (area under a curve) computed to the last observation.
AUMC

Area under the moment curve.
AUMC5¢

Area under the moment curve computed to the last observation.

CL

Total body clearance. CL= Dose/AUC
Crnax

The peak or maximum concentration.

Compartmental Pharmacokinetic Module

A program for the solution of nonlinear regression problems, constrained
parameter estimation problems and systems of differential equations.
It includes libraries of pharmacokinetic (PK), pharmacodynamic(PD),

PK/PD Link, Indirect Response and simultaneous link models.
Compartments
Many biological systems are made up of a finite number of homogenous,
well mixed subsystems called compartments. Classically compartments

have been used to represent blood plasma, kidneys, lungs or other organs.
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MRT
Mean Residence Time is the average amount of time a particle remains in a

compartment or system.

MRT ¢
Mean Residence Time when the drug concentration profile is not
extrapolated to infinity, but rather is based on values up to and including the
last measured concentration.
MRTlast = AUMClast / AUClast
Tmax
The time of peak concentration.
\Y
Volume of distribution of the central compartment. This is also denoted Vc.
Vs

Volume of distribution at steady state.
Vss = MRT * CL

where MRT = Mean Residence Time and CL= total body clearance

84



	封面.pdf
	目錄_FIX.pdf
	整合.pdf

