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Matsunaga N, Hattori K, lizasa H, Fukuhara M, Takanaka A and
Nakashima E A Simplified Diagnostic Approach for Estimating in vivo
Hepatic Drug Clearance ; Its Preliminary Application for the Drug
Caffeine, Using CYPIA Probe in a Rat Model. fB[RESE. 2000; 26(5):
492-504
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ESTABLISHMENT OF DRUG METABOLISM ABILITY DIAGNQOSIS: THE APPLICATION TO
CLEARANCE PREDICTION FOR ACETANILIDE BASED ON /N VIVO CYP1A2 LEVEL.

Norike Matsunaga, Kenji Hattori, Hisash! lizasa, and Emi Nakashima
Department of Pharmaceutics, Kyoritsu College of Pharmacy,
Minato-ku Shiba-koen 1-5-30, Tokyo 105-8512, Japan

Objective: it might be possible to astimate the clearance of newly administered drugs on the
basis of the diagnostic value of metabolism enzyme level of individual patients, if it becomes
possible to measure the metabolism enzyme level as a diagnostic value beforehand. In the
previcus report from our laboratory, a method for measuring the in vivo CYP level (PKCYP-
test) was derived based on the clearance theory. Then, we have been trying to establish a
system which estimates the clearance of the drug based on this measured value. In this
study, acetanilide was chosen as a model drug, and the clearance was estimated by the
model animal in which the enzyme level fluctuated. Then the relationship between the
measured and observed values was examined.

Method used: The feaiures of PKCYP-test are to consider the free-concentration gradient
(ag) of a drug between the intracellular and blood spaces based on the physiological
pharmacokinetics. The validity of PKCYP-test was confirmed by administering caffeine,
which was chosen as a CYP1A2 probe in the rat. 3-Methylcholanthrene (MC) treated rats
were used as an induced metabolic enzyme model. in MC treated rats, the clearance of
acetanilide was estimated using the in vivo CYP1AZ2 level which was calculated from PKCYP-
test by using caffeine as a probe. This predictive value was compared with the measured
value which was obtained by administering acetanilide to the MC treated rats.

Result: The total body clearance (CLt) of caffeine and the free fraction in blood were
measured in normal rats and MC treated rats. The ievel of CYP1A2 in the liver was
measured by Western blotting. By using the reported values of Vmax, and Km, the qg value
of caffeine was determined as aimost unity. The estimated CYP1AZ2 gquantity in MC treated
rats using PKCYP-test was in good agreement with the measured level by Western blotting.
The clearance of acetanilide which was estimated using the in vivo CYP1A2 level which was
calculated from PKCYP-test using caffeine as the probe agreed well with the measured value.

Conclusion: The amount of CYP in the liver could be calculated by using the clearance of
the diagnosis probe from the above results. In the model animat in which the enzyme level
fluctuated, it was proven that the clearance of the drug is predictable by using the in vivo CYP
ievel which was calculated from PKCYP-test. In future, the possibility of universally obtaining
_the clearance of an administered drug will be examinec using CYP diagnostic value in the
diseased state.
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APPLICATION OF PKCYP-TEST TO DRUG-DRUG INTERACTION
FOR CAFFEINE AND THEOPHYLLINE

N. Matsunaga”, K. Hattori"”, T. Nishifima", H. lizasa", M. Fukuhara?, and
E. Nakashima"

"Kyoritsu college of pharmacy, Tokyo, 105-8512, Japan
“National Institute of Public Health, Tokyo, 108-8638, Japan

Introduction: We have constructed a theoretical basis for obtaining in
vivo Cytochrome P450 (CYP) quantities of motecular species from the
clearance of the diagnosis probe (PKCYP~test) by introducing liver-to-blood
free concentration gradieht invivo (gg). inthe present study, the possibility of
the PKCYP-test to quantitatively predict the drug interaction was examined.

Experimental Methods: Male Sprague-Dawley rats were used,
Ouring the constant intravenous infusion of theophylline, caffeine was
administered as an IV bolus dose to the rat.  The concentration of theophyiline
and caffeine was measured by HPLC. The clearance of caffeine (CL ) was
obtained by moment anailysis.

Resulits and Discussion: The 4g value of theophylline was estimated
as approximately 10 by PKCYP-test after the IV bolus administration. The
effect of theophyliine on the clearance of caffeine was studied. CL,, was
compared with the value (CLwed) estimated from the PKCYP-test by using the
qg value of theophylline. ClL,.. was also estimated by assuming that
metabolism of caffeine by CYP1A2 was competitively inhibited by theophyliine.
CL,. was close to CL,., by PKCYP-test rather than the predicted value by
assuming that the free concentration of theophylline in the liver was equal to
the free concentration in blood. However, some diminished inhibitory effects
were observed,

Conclusion: Above resuits indicated that the introduction of qg was
butalso the error of the estimation of Km and Vmax between invitro and in_vivo

axperiments.
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{2-10041] PHARMACOKINETICS OF L-CARNITINE (LC) AFTER
SINGLE AND MULTIPLE INTRAVENOUS ADMINISTRATION
TO CHRONIC HAEMODIALYSIS PATIENTS

AM. Evans', R.L. Nation', G.-F. Fornasini?, §. Pace?, E.F. Lemanowicz?,

R. FaulP, 'Cantre for Pharmaceutical Research, Schoo! of Pharmacy and
Medical Sciences, University of South Australia, Adglaide, South Ausgiralia,
5000, Australia; * Sigma-Tau Pharmaceuticals, Gaitharsburg, Maryland, United
States; ?Royal Adelaide Hospital, Adelaide, South Australia, 5000, Australia

Purpose: The objective of the study was 1o evaluate the pharmacckinetics
of LC following single and multiple i.v, adminigtration of LG {Carnitor®) in 12
chronic haemod!alysis patients.

Metnads: Palisnts undergoing three dialysis sessionswaek received i.v, L(
(20 mg.kg—1} af the end of each dialysis session, for 9 weeks. Blood and
dialysis samples ware collecled during the intar- ang intra-dialysis periods after
tha first and last dose of LC. Pra- and post-dialysis blood samplas wareg collected
gach week. Samples were analysed for LG by HFLC.

Resuils: The mean pre-dialysis plasma concentration of LG priot to the first
duse of LC was 21.28 7.6 uM. After the firs! dose. the piasma conceniration
of LC reached a maximum of 1138.56 + 240.21 #M, decreasing in & trigx-
ponential manner to 68.40 uM prior 1o the next dialysis session. During the
next hagmodialysis session the plasma concentration of LC decreased o 16.71
#M. During repeated dosing, there was accumulation of LC, and after 9 weeks
tne pre- and post-dialysis plasma levels of LC were about 190 and 40 UM,
respactively. The pre- and post-dialysis plasma tavels of LC decreased once
LC dosing was ceased.

Cenclusions: LC supplementation results in the movement of LG intg the
slowly equilibrating carniting pool. This stored LG is lcst from the body via
haemodialysis. once LC administration is Stopped.

2-10042; ANALYSIS OF THEOPHYLLINE CLEARANGE USING THE

PKCYP-TEST IN CONTROL AND
3-METHYLCHOLANTHARENE-TREATED RATS

N. Matsunaga, K. Hattori, T. Nishijima, H. lizasa, M. Fukuhara', E. Nakashima.
Kyoritsu College of Pharmacy; ' National institule of Public Health, Tokyo,
Japan

Purpose: We have established a mathod for characterizing drug metabolism
capacity based on physiological pharmacokinetics to estimate the amount of
in vivo ¢yiochreme P450 (CYP) (PKCYP-tast). in satting up this PKCYP-test,
a liver-to-blood free concentration gradient in vivo {qg) was intreduced. In the
present study, thecphyiling clearance was investigated by the PKCYP-test in
rais with elavaled lgvels of CYP enzyme,

Methods: Male Sprague-Dawley rats, 6 weeks of age, were used. The
raised liver enzyme was induced by 3-methylcholanthreng {MC) administration
(MC-lreatad rats). Control and MC-treated rats were given theophylline intra-
venously and its pharmacokinetic parameters were determinad. Theophylline
concentrations were measured by HPLC. The affect of anti-CYP1A serum on
the microsomal metabolism of theophylling was investigated using microsomas
from control rats.

Resulis: There was a 6-fold difference in the CLint of theophylline between
conirol and MC-trealed rats. In addition, the amount of CYP1A2 varied 22-fold
between conlrol and MC-treated rats. In control fats, the qg vaiue of theophylline
calculated from the PKCYPR-test was 13.4. Since the Kp, f of theophylling was
about 1.5, the high gg value may be due to several factors including another
metabolic pathway and errors in estimating the pharmacokinetic parameters, In
centrol rats, when the microsomal metabolism of theophylline was inhibited by
anti-CYP1A serum, the residual activity was about 60%.

Conclusions: A cansiderable part of theaphylline metabolism is mediated by
CYP isoferms, except for CYP1A.

Funding Source: Grants-in-Aid from the Japanese Ministry of Health and
Wellara.

2-10043 | vEROTOXIN 2 OF ESCHERICHIA COL! 0157 DECREASES
THE HEPATIC DRUG-METABOLIZING ENZYME ACTIVITY
WITH THE APOPTOSIS IN HEPATOCYTE

Kiyoyuki Kitaichi', Yuki Nishio?. Cal Shao Hui', Masayuki Nadai?,

Hircichi Nagai®, Michio Oa®, Hideo Yoshizumi®, Takaaki Hasegawa'. 'Depr,
Mg, Technal., Nagoya Univ. Sch. Heaith Sci., Nagoya; ?Dept. Pharmacol.,
Gifu Pharmacey. Univ., Gifu; ?Facul. Pharm,, Meifo Univ., Nagoya, * Dept
Bacteriol,, Nagoya Univ. Sch. Med., Nagoya, Japan

Purpose: Verotoxin {VT) of E. ¢coli O1 57 infeclion may cause the Iire-lhreatening
urgan lailures. Thus, we tried 1o investigate the effact of VT type 2 (VT2) on
the hepatic drug-melatolizing enzyme aclivity in rats by using antipyring as a
probe drug.

Millennial World Congress of Pharmacewtical Sciences

Mothods: Wislar rats (280~300 9) received a bolus infravenous injection
of the hepatic-metabolizing drug, antipyring (20 mg/Ag), 6, 12, and 24 hours
after VY2 (2 meg). Blood samples werg collected at designatad intervals
after antipyring administration, and the cencentration of plasma antipyrine was
anaiyzed by HPLC. The hepatlc drug-metabolizing activity was reprasantad ag
the hall-life of antipyrine (t1/2). Tha hisiopathological examinations of liver ag
well &8 biochemical parametsrs, including nitrite/niwrate (NOx} in plasma, werg
taken in the same ragimen.

Resuils: Disappearance of antipyring frem plasma was significantly pro-
longed in VT2-treated rats in g time-depandent manrer as represented in in-
creasing tha t1/2, Significant increasa in piasma NOx levels was alsg abserved in
VT2-treated rats. An INOS inhibitor, S-methylisothiourea, as well as dexametha.
sone ameliorated VT2-induced deiay of the t1/2 with decreasing plasma NOx
levais. Histopathological examinations revealed that the hepatocyte showeg
the apoptosis & hours after VT2 injection and the apaplosis/necrasis 24 hours
after the injection.

Congclusion: These results suggestthat VT2-induced apoptosis in hepatocyte
and/or NO may play a crucial role in the decraasing hepatic drug-metabolizing
enzyme activity. Furthermors, these results may give caution the dosage
regimen of hepatic-metabalizing drugs during £. coli O157 infaction,

2-10044 CHARACTERIZATION OF A COMPUTER PROGRAM FOR

PHARMACOKINETICS BASED ON MAXIMUM LIKELIHOOD
ESTIMATION USING THE GAMMA DISTRIBUTION WITH &
PROBABILITY DENSITY FUNCTION: COMPARISON WITH
THE NORMAL DISTRIBUTION

Y. Matsumoto', K. Tanikawa' 2 M. Shimizy!, M. Fukucka'. ! Dapartment of
Clinical Pharmacology and Toxicology, Showa Coliege of Pharmaceutical
Sciences; 2Departmant of Pharmacy, Yokohama-shi Seiby Hospital, St.
Marianna University School of Medicing , Japan

Objective: The curant pharmacokinetic programs are assumad that the data
error has a normal ar log-nermal distribution. Howavar, clinical data often have
errors of non-normal distribution. The objective of this study was to characterize
4 computer program which described for maximum likelihood estimation within
the gamrmna distribution as a probability density function {p.d.t.) for non-normai
distribution,

Methoda: A Monte Cario method was preformed to estimate the pharmacoki-
netic parameters. A one-compartment intravenous mode! and an oral modal
ware assumed. The simulated drug concentrations were generated using a
10% S.D. based on the gamma or normal distribution. The gamma or normal
distribution was adopted as tha p.d.l. to estimate mode! parameters. The Pow-
all method was used as the maximization of the logarithmic likglihood. The
constraint of parameters was not adoptad.

Results: Thers was no statistical difference among the pharmacokinetic
parameters estimated arising from the difference in p.d.f. and data distributions,
The parameters estimated based on the gamma and normal distributions
were consistent with the same pharmacokinetic model and variance in drug
cencentration, However, the number that fails to calculate the parameters based
on the p.d.f. with a normal distribution was five 1o sevenly times greater than
that based on the gamma distribution,

Conclusion: The estimater hased on the p.d.t. with gamma distribution has
a high convergence compared 1o that based on the normal distribution, A
computer program describing the maximum likelthoed estimation within the
gamma distribution is thought to be uselul for pharmacokinetic analysis.

2-10045| veRoToxIN2 OF ESCHERICHIA COLI 0157 CHANGES
INTESTINAL ABSORPTIVE FUNCTIONS OF DRUGS IN RATS

Masayuki Nadai', Naho Furui?, Ken-lehi Miyamote?, Kiyoyuki Kitaichi?,
Michic Ohta*, Takaaki Hasegawa®, Hideo Yoshizumi®. * Facul. Pharm., Meijo
Univ, Nagoya; 2Dapt. Pharm., Kanazawa Univ Hosp., Kanazawa; *Dapt. Meg.
Technol. Nagaya Univ. Sch. Health Sei., *Dept. Bacieriol, Nagoya Univ, Seh,
Med., Nagoya, Japan I

Introduction: Verotoxin 2 (VT2} of E coli O157: H7 has been identifieg
as a worldwide cause of serious humar gastrointesiinal disease and the
life-threatening hemolytic uremic syndrome (HUS). However, it is not clear
whether VT2 modifies the intestinat abscrption of putrients and drugs in animals
and man. The present study was thus designed to investigate changes in
Intestinal absorptive functions in ratg pretreated with VT2 using tephalexin
(CEX) and cefazolin (CEZ) as model drugs. :
Mothods: VT2 (2 mcg) isolated from £. cofi O157: H7 was adminisiered
intravenously to male Wistar rats. Alter 24 h of VT2 Injection, the absorption of
CEX and CEZ from srmall intesting (upper and middle paris) was evaluated by
in sltu ¢losed loop methed. After the absorption experiment hag finishad, the
Mmucosa from each intestinai segmant was separated immediately to measure
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2-10054 | CONFIRMATION OF A PORE SIZE DISTRIBUTION THEQRY
USING PARACELLULAR PROBES IN THE PERFUSED RAT
INTESTINE

Amanda Berry, Malcolm Rowland. School of Pharmacy and Pharmaceutical
Sciences, University of Manchesier, Oxford Road, Manchester, M13 9PL,
Uniited Kingdom

As part of an exiensive program 1o characlerise paracellular absorption, studies
have been performed ir the in situ periused rat jejunum and ileum with the aim
of pradlicting in vive oral bicavailability.

In order 10 confirm data obtained previously {1) using “C PEG 400 as g
prote molacule, a series of D-peptides and a group of drug moiecules, known
to permeale via the paraceliular routs, have been investigated.

Absorption was assessad from a recirculaling isotonic media, over a period
of 1 hour, by collection and HPLGC assay of mesenteric blood. The fractional
rale of absorption of each species, together with momphomeric data, was
used to caiculate apparant permeability (Payp) and, subsequently, the pradicted
bioavailability.

A gocd correlation between Pay, and Stokes radius was observed for all of the
molecuies sludted in both the fejunum and ilsum but the same over-prediction
of the oral bioavailability was observed with the paptide and drug moiecules as
had baen chserved for the PEG 400 data.

However. when the predicted bioavailabilities of the peptide and drug
molecules were calculated from their Stokes radii, incorporating the size and
abundance of the tight junction in the rat ileum and jejunum, obtained from
a moedelling exarcise using the PEG 400 Puy, data (1), the values obtained
were an accurate prediction of the cral bivavailability of the peptide and drug
molecules cbtained in vivo (2).

The data confirms the pere size and abundance values obtained using
PEG 400 ang confirms thal Stokes radius alone is sufficient 1o predict the
bioavailabifity of paraceliularly absorbed malgcutes.

This work was supported by Glaxo-Wetlcome and the BESRC.

References

{1} Barry and Rowiand (1999). Eur. J. Pharm. Sci. B (2}, xvill.
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Purpose: The aim of this study was 1o evaluate possible daily variaticns in the
Kinetics of ceftriaxone administered at ditferent times of the day.

Methods: Sixty female Sprague Dawley rats (weight = 100 g, n = 6 rats par
sarnpling time paint) mainained under controlled envirormentat conditions (12 h
light/12 h dark regimen) received a single intraperitoneal injection of cefiriaxone
{100 mg-kg™') at 4.00, 10.00, 16.00 and 22.00 hs. Blood samples were taken
at0.08, 0.16, 0.3, 0.75, 1, 2, 4, 6, 9 and 12 hs after drug administration. Plasma
levels of ceftriaxone were determined by microbiclogical assay. Pharmacokinetic
analysis was made by a computerized programe (TOPFIT 2.0) and the cosinor
method was used for the chronohbiclogical analysis of the pharmacokinetic
parameters.

Results: The pest fit of alt data was 1o a one-compartment model. Dosing-
lime dependent variations in the mean absorption time (PR « 100, p = 0.032,
amplitude, maxirun-minimun/mean * 100 = 86.4%) and total body clearance
(PR = 100, p = 0.006, amplitude = 60.4%) of ceftriaxone were detsrmined, Evi-
dence of possible temporat variations in the area under the concentralion-time
curve (PR « 98, p = 0.12, amplituds = 51.4%) and lag time {PH « §8, p = 0.14,
amplilude = 180.4%) of ceftriaxone was revealed. -

Conclusions: The present study slrongly suggest that time of administration
can affect the pharmacokinetics of ceftriaxone. Further studies are needed 1o
getermine the clinical significance of biclogical rhythms in the pharmacokinetics
ol aniimicrobial agants.

Funding sources: Prayect AY03. SCyT. University of Buenos Aires, Argentina.

!'L'_f- TC0ST . APFLICATICN OF THE PKCYP-TEST TO FREDICT THE

o AMOUNT OF IN VIVO CYP2C11 USING TOLBUTAMIDE AS A
PROBE
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moris Fukunars?, Akinobu Morikawa®, Emi Nakashima' . ! Kyoritsu Coltege of

Fharmacy, Tokyo, ENational institule of Public Health, Tokyo; 3Cancer Institute

Hospilal, Tokyo, Japan

Purposa: We have astablished a novel method tor measuring the in vivo level

ot CYP (PRCYP-1&st} tromi the cloarance of a probs and have confirmed this

Posters

SCENE

in an'animal megsl, in this study, tolbutamide was chosen as a probe drug for

CYP2C11, and the amount of CYP in an arimal model, with a fluctuating Cyp
levs|, was estimated by Wester blotting and the PKCYP-test.

'Mothods: After'gn 8-hr fast, Sprague-Dawley rats were given a single dose
of 20% carbon tetrachloride (2.5 mikg) and fasted for another 12 h. Then, they
were used as-a model of reduced CYP. The pharmacokinetic parameters of
tolbutamide weras measurad in control and carbon tetrachioride-treated rats. The
conoeniration of tolbutamide was measurad by HPLC. The level of CYP2C11
in the liver was measured by Western blotting.

Results: In carbon tetrachloride-treated rats, the amount of CYP2C11 whick
was calculated by the PKCYP-test fell to 20% of the value in control rats. The
quantity of CYP2C11 which was maasured by Western blotting also fall to 20%
of the value in control rats.

Conclusion: This study shows that the PKCYP-test can aiso be applied to
estimate the amount of CYP2C11 using tolbutamide as a probs.

Funding Source: This research was supponed in part by Ministry of Heartth
and Welfare and Grants-in-Ald from the Japanese Ministry of Education.

2-10058 | MECHANISM OF TISSUE DISTRIBUTION OF
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School of Pharmaceutical Sciences, University of Tokyo, Tokyo, Japan

Purpose: GPFX is a flucroquincione with potent antibacterial activity against
both Gram-positive and Gram-negaltive baclaria. The most important pharma-
cokinstic feature of GPFX is its highar distribution into various tissues, espacially
the lungs, compared with other luoroquinolones. Because this drug is expected
to ba used for the treatment of respiratory infactions, it is important to charac-
terize lts pulmonary distribution. The purpose of the present study is to clarify
the mechanism goveming the distribution of GPFX into the lung.

Methods: Lung uptake of ['“C] GPFX in rals was assessed in an in vivo
single-pass study and by integration piot analysis. The steady-stale tissue
distribution kinetics of [C] GPFX was assessed foflowing the constant infusion
of ["*C] GPFX.

Results and Discussion: Appraximately 12% of the dose of ["C} GPFX was
taken up during its single-pass through the lung, such distribution being much
higher than that of [C] inulin (1.5%). The tissue uptake clearance of [c]
GPFX wag higher in lung, and was very similar to the blocd Row rates in most
organs. Thus, no specific mechanism was found in its tissue uptake process
to govern its hi?har distribution to the lung atthough its pulmonary uptake is
very efficient. ["*C} GPFX binds to phosphatidylserine (PhS) to a much higher
degree than te other phospholipids and the steady-state tissue distribution, as
well as the subcellular distribution in lung, correlates well with the PhS content,
The [*C] GPFX association to the PhS synthase transformant of GHO-K ¢ celis
depended on the PhS content of these call lines.

Concluslon: Specific binding of GPFX to PhS determines its high distributiocn
to the lungs.

2-10059 | EFFLUX TRANSPORT SYSTEMS FOR GREPAFLOXACIN
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Purpose: GPFX is a fluoroquinolone antibacterial agent which is highly dis-
Iributed to various tissues, especialiy the Jungs. GPFX and its 3-glucurcnide, a
main metabolite, are transported across the biie canalicular membrane at lpast
partially by a primary active fransport mechanism, cmoab/mrp2 (Sasabe et al.,
J. Pharmacel. Exp. Ther. 284, 1033, 1998). In addition, Fluoroquinciones are
transported from the brain o the blood by mdria (Muwrata et al., J. Pharmeo.
Exp. Ther. 290, 51, 1999). Thus, its active efflux transport machanism has been
proposed to be located in the liver and brain, but this trangport system has not
been investigated in other organs. The purpose of this study is 1o characterize
the efflux transport system for GPFX in severai organs since this may govern
its tissue distribution kinetics.

Methods: The tissue distribution of GPFX in mdri gene-deficient mice
{mdria{—/-) and mdria/1b{—/~)) and normal mice {mdrta/ib{+/+}) was exam-
ined to clarify the contribution made by thase trangportars to GPFX efflux.

Results and Discussion: After a 5 mgkg iv. bolus dose of [""CIGPFX,
the tissue-to-plasma concentration ratio (Kp} in the brain of mdria{—/=) and
mdr1a/1o(—/—} during lis elimination phase (4-8 hr afier desing) was about
2.4 timee higher than that in mdriaiig(+/+), whersas the Kp values in other
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