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University of Washington

Abstract

METABOLIC AND INHIBITORY DIFFERENCES
BETWEEN CYTOCHROMES P450 3A4 AND 3AS

by Donavon J. McConn II

Chairperson of the Supervisory Committee:

Professor Kenneth E. Thummel

Department of Pharmaceutics
Cytochrome P450 (CYP) 3A4 and 3AS constitute the dominant drug metabolizing
enzymes in the liver and small intestine, and the content and activity of these enzymes is
widely variable. Accurate knowledge of in vivo CYP3A activity is vital to predicting
potential drug-drug interactions that may occur. Furthermore, any inhibitory differences
between the two CYP3A isoforms would further complicate the accurate prediction of in
vivo interactions. The purpose of this dissertation was to evaluate the excretory profile
and regioselective metabolism of midazolam, an in vivo probe of CYP3A activity, in
order to better understand its disposition and metabolic characteristics. Moreover, the

inhibitory capability of a series of compounds was tested with CYP3 A4 and CYP3AS.

Initial work focused on the variable urinary recovery and potential biliary
secretion of midazolam in vivo. Biliary samples were analyzed to determine if secretion
into bile could explain the variable urinary recovery of midazolam. Although midazolam

metabolites were detectable in bile at relatively high levels, fecal analysis suggested the



biliary compounds were reabsorbed, and that biliary secretion is an unlikely mechanism
to describe variable urinary recovery.

Midazolam 4-hydroxylation is a secondary metabolic pathway mediated by
CYP3A, and its chemical instability in vivo may also contribute to variable urinary
recovery. To address this, midazolam metabolism was examined in a panel of 60 human
liver microsomes, and the relative importance of 1’- and 4-hydroxylation was determined
at three different substrate concentrations.

Midazolam metabolism was also examined in intestinal samples acquired from
cirrhotic patients. We examined the effects of liver cirrhosis on intestinal enzyme
expression and activity. Our findings suggest that although cirrhosis has deleterious
effects on hepatic CYP3A-dependent metabolism, no apparent effect was observed in the
intestine.

Once metabolic differences were studied, our goal was to determine if a series of
inhibitors behaved differently towards CYP3A4 and CYP3AS. For erythromycin,
diltiazem, ketoconazole and nicardipine, affinities were higher towards CYP3A4
compared to CYP3AS. CYP3AS also showed resistance to mechanism-based
inactivation compared to CYP3A4.

In summary, no single mechanism seems responsible for CYP3A-dependent
urinary recovery of midazolam. However, inhibitory differences do exist in time-

dependent inhibition between CYP3A4 and CYP3AS.
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CHAPTER 1

INTRODUCTION



1.1 PART I — Background and General Concepts Involving the Inhibitory and

Metabolic Differences between CYP3A4 and CYP3AS

1.1.1 Cytochromes P450

The cytochromes P450 (CYP) are a large family of heme-thiolate proteins that
are responsible for the biotransformation of numerous endogenous and exogenous
compounds. Most P450 reactions involve the oxidation of lipophilic drug molecules,
but reduction reactions can also occur. The result of the CYP-catalyzed oxidations is
the formation of a more polar metabolite that is more apt to be renally excreted or

conjugated to a polar endogenous molecule.

1.1.2 CYP3A

There are 14 CYP families in mammalian species, however; only three families
(CYP1, CYP2 and CYP3) are generally responsible for xenobiotic metabolism in
humans. The CYP3 family metabolizes over 50% of clinical medications cleared by
biotransformation processes (Harris et al, 1995). Because of this fact, the CYP3 family
is considered the most important and is the most widely studied family in human drug
metabolism. The CYP3 family contains five known enzymes, all within the CYP3A
subfamily: CYP3A3, CYP3A4, CYP3AS, CYP3A7 and CYP3A43 (Wrighton and

Stevens, 1992; Domanski et al, 2001).



1.1.3 CYP3A3 and CYP3A4

CYP3A3 and CYP3A4 are 98% similar in their amino acid sequences (only 14
nucleotide differences), and are considered to be indistinguishable by standard
separation and immunodetection techniques. However, the intestinal or hepatic
expression of CYP3A3 has not yet been observed. Neither CYP3A3 protein nor
mRNA has been detected in human liver or intestinal tissues (Kolars et al, 1994). This
finding suggests that CYP3A3 may be a rare allelic variant of CYP3A4 or the result of
a cloning artifact. For these reasons CYP3A3 and CYP3A4 will be considered as one
enzyme.

CYP3A4 is the major CYP isoform in both adult human liver and small
intestine. It constitutes approximately 30% of total CYP in the liver, and up to 70% in
the small intestine (Shimada et al, 1994; Paine et al, 1997b; Watkins et al, 1987). The
cDNA sequence for CYP3A4 is identical in both the liver and small intestine.
However, the expression in each tissue appears to be differentially regulated (Lown et
al, 1994; Lown et al, 1997). Regulation of hepatic CYP3 A4 is primarily via Pregnane
X receptor (PXR) dimerization with the Retinoid X receptor (RXR) followed by
translocation of the dimer to the nucleus where it can bind to DNA and influence
transcription of the CYP34+4 gene (Lehmann et al, 1998; Xie et al, 2000). Intestinal
CYP3A4 is also partially regulated by PXR:RXR, but the primary constitutive
regulation mechanism is via the Vitamin D receptor (VDR) (Thummel et al, in press

Mol Pharmacol). CYP3A4 can also be found in trace amounts in the kidney (Haehner
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et al, 1996), the pancreas and colon where it is localized to cells of epithelial origin
(e.g. ducts) (Kolars et al, 1994). CYP3A4 metabolizes a wide array of clinically
important drugs, including calcium channel blockers, HMG-CoA reductase inhibitors,
HIV protease inhibitors, antiarrhythmics, immuno-suppressants, opioid analgesics and
benzodiazepine sedative/hypnotic agents.

CYP3A4 protein levels and enzyme activities show very large interindividual
variability in the human population. This is due in part to the susceptibility of the
enzyme to induction and inhibition phenomena. Common CYP3A4 inducers include
the anticonvulsant drugs phenytoin, carbamazepine and phenobarbital, as well as the
anti-tuberculosis agent rifampin. Although induction can occur by various processes
including increased synthesis rate of the enzyme, stabilization of existing enzyme or
increased transcription of the CYP3A4 gene, the effect of most inducers is likely
mediated by ligand activation of PXR and transcriptional activation of the CYP3A4
gene (Lehmann et al, 1998). Since CYP3A4 binds to a large number of drugs from
different therapeutic classes, there is a significant probability of enzyme inhibition in
polytherapy drug regimens. @ CYP3A4 substrates are all potential competitive
inhibitors, the likelihood of which depends on exposure concentrations and enzyme
binding affinity. Common potent CYP3A4 inhibitors include the imidazole-containing
antifungal agents fluconazole, itraconazole and ketoconazole (Back and Tjia, 1991);
macrolide antibiotics erythromycin, clarithromycin, azithromycin and troleandomycin
(Greenblatt et al, 1998); calcium channel blockers diltiazem and nicardipine (Ma et al,

2000); and bergamottins contained in grapefruit juice (Bailey et al, 1991). CYP3A4
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inhibition occurs by a variety of different mechanisms including competitive and non-
competitive binding to the enzyme or by time-dependent suicide inactivation of the
enzyme.

In addition to exogenous factors that affect CYP3 A expression, there are clearly
interindividual differences in the “constitutive” level of CYP3A expression that is the
result of variable transcriptional signals, protein degradation processes or genetic
polymorphisms. Interestingly, all of the mutations in the CYP3A4 gene uncovered to
date appear to be relatively rare (allele frequencies < 1-2%) (Sata et al, 2000; Eiselt et
al, 2001; Lamba et al, 2001 in press-Pharmacogenetics), suggesting that the cause of
individual enzyme expression differences lays with regulatory proteins, hormones and
cytokines, and the genes that code for their production. The exception is a common
mutation in the 5’-flanking region of the CYP34+ gene (-290 AG) (Tayeb et al, 2000)
that has been associated with altered gene transcription rates. However, the data
surrounding this mutation are conflicting (Wandel et al, 2000; Ball et al, 1999) and

have uncertain significance.

1.1.4 CYP3AS

CYP3AS is also expressed in the human liver and small intestine, but usually at
lower levels than CYP3A4. It comprises approximately 10% of total CYP in the liver
and 30% in the small intestine of individuals that express the enzyme (Paine et al,

1997b; Wrighton et al, 1989; Wrighton et al, 1990). In the University of Washington
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School of Pharmacy liver bank approximately 10% of livers from Caucasian donors
express CYP3AS at levels greater than CYP3 A4 (Gibbs et al, 1999; Paine et al, 1997a).
In a population of African-American liver samples, 60% expressed significant levels of
CYP3AS, and approximately 50% of the subjects expressed higher levels of CYP3AS
compared to CYP3A4 (Kuehl et al, 2001). CYP3AS is the predominant isoform in the
human colon, prostate, stomach and kidney (Hachner et al, 1996; Gervot et al, 1996;
Yamakoshi et al, 1999; Kolars et al, 1994). It is also the only CYP3A isoform that is
expressed in human lymphocytes (Janardan et al, 1996).

CYP3AS shares approximately 84% amino acid similarity with CYP3A4, and is
polymorphically expressed in the adult human population. CYP3AS has a slightly
different electrophoretic mobility than CYP3A4 (52 vs. 51 kDa, apparent MW), and
will appear as a “doublet’ peak on protein immunoblots of liver samples that contain
both isoforms.  Approximately 25-33% of adult human livers express readily
detectable levels of CYP3AS5 (Wrighton et al, 1989; Aoyama et al, 1989; Kuehl et al,
2001). One group of investigators reported the detection of CYP3AS protein in as
much as 74% of the liver samples examined using a highly sensitive detection
technique (Jouniidi et al, 1996). Moreover, variable levels of CYP3AS mRNA were
detected in 100% of liver samples tested in two different studies, implying that there is
an intact gene in all individuals, but differences in formation and/or degradation of the
mRNA (Kivisto et al, 1996; Zhang et al, 1999). Indeed, two polymorphisms have been
discovered recently, and both result in alternative splicing of the CYP3A5 mRNA and

production of a truncated, non-functional protein as the result (Kuehl et al, 2001). The
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most common single nucleotide polymorphism (SNP) results in the incorporation of a
portion of intron 3 into the transcript, thus creating a variant exon 3B (CYP345*3).
The extra DNA sequence causes a frameshift mutation resulting in a premature stop
codon at amino acid 109. The second SNP has only been detected in African-
American subjects, and results in the deletion of exon 7, thus producing another
truncated protein.

CYP3AS differs from CYP3A4 in that it is far less susceptible to induction
(Wrighton et al, 1989). This is somewhat of a surprise since the 5’-flanking region of
the CYP3AS gene contains a consensus ER-6 motif that binds the activated PXR:RXR
complex. Presumably, induction requires involvement of other promoter/enhancer
clements on the CYP345 gene that are absent or non-functional, but present and
functional on CYP344. CYP3AS expression may also be affected by age. CYP3AS
protein was detected in a higher percentage of liver microsomes prepared from
adolescents and children (< 19 years) compared to adult liver microsomes (47% vs.
24%), and was also detected in 10% of fetal livers (Wrighton et al, 1990), however the
sample size was small.

The substrate specificity of CYP3AS is related to that of CYP3A4. To this date
there is no known substrate that is selective for CYP3AS. All substrates of CYP3AS
are metabolized by CYP3A4. However, not all CYP3A4 substrates are metabolized
equally well by CYP3AS (Wrighton et al, 1990). All comparative studies to date have
used purified or expressed enzymes. Activity of CYP3AS towards common

CYP3A4/CYP3AS substrates is generally reduced (Wrighton et al, 1990; Gillam et al,
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1995). However, reconstitution conditions (detergents, divalent cations, etc.) play an
important role in the activity of recombinant CYP3A5. CYP3AS5 was implicated in
erythromycin metabolism at high substrate concentrations in one recombinant enzyme
system (Gillam et al, 1995), yet was unable to metabolize erythromycin in another
report (Wrighton et al, 1990). Interestingly, for the benzodiazepine midazolam (MDZ),
CYP3AS5-catalyzed formation of 1’-hydroxymidazolam was greater than that for
CYP3A4. Also, the ratio of 1’-hydroxymidazolam to 4-hydroxymidazolam formation,
another CYP3A-catalyzed reaction, was higher in CYP3AS-positive individuals (Paine

et al, 1997a). To this date, no data are available with CYP3A4 or CYP3AS selective

human liver microsomes.

1.1.5 CYP3A7

CYP3A7 is the major CYP isoform expressed in the human fetal liver,
comprising up to 50% of total fetal P450 (Wrighton and VandenBranden, 1989). It is
also found in adult human endometrium and placenta (Schuetz et al, 1993). CYP3A7
protein has been detected in adult liver, although at levels far below that of CYP3A4 or

CYP3AS (Tateishi et al, 1999), therefore it will not be discussed further.



1.1.6 CYP3A43

CYP3A43 is a recent discovery in the CYP3A subfamily. CYP3A43
expression has been detected in liver, kidney, pancreas, and prostate, where its highest
expression was observed (Gellner et al, 2001). The amino acid sequence is 76%
identical to that of CYP3A4 and 3AS, and 71% identical to CYP3A7. CYP3A43
differs from CYP3A4 at six amino acid residues found within the putative substrate
recognition sites of CYP3A4, and that are known to be determinants of substrate
selectivity (Domanski et al, 2001). These changes may render the enzyme catalytically
inactive. Immunoblot analyses revealed that CYP3A43 co-migrates with CYP3A4 in
polyacrylamide gel electrophoresis but does separate from CYP3AS (Gellner et al,
2001). CYP3A43 expression levels are approximately 0.1% of CYP3A4 and 2% of
CYP3AS in the liver, and were detectable in 70% of the livers examined (Westlind et

al, 2001).
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1.1.7 Other Cytochromes

1.1.7.1 Cytochrome bs

Cytochrome bs is a small (17 kDa), membrane-bound protein (except in
erythrocytes, where it is soluble) that is expressed in all eukaryotic tissues. The protein
contains a heme group that lacks a free coordination position, thus allowing the protein
to transfer electrons in a number of different reactions. Cytochrome bs is known to
facilitate fatty acid elongation (Keyes et al, 1979), fatty acid desaturation (Shimakata et
al, 1972) and also P450 monooxygenations (Hildebrandt et al, 1971). Cytochrome
P450 reactions require the addition of 2 electrons in order to activate molecular
oxygen, and these electrons must be added one at a time. Cytochrome bs has been
shown to be the second electron donor in some P450 reactions, though it is isoform
specific. Cytochrome bs can enhance, retard or have no effect on P450-mediated
monooxygenation depending on the specific P450 enzyme responsible for oxidation
(Schenkman and Jansson, 1999).

Cytochrome P450 3A4 is one isoform where enzyme activity is enhanced by
cytochrome bs (Perret and Pompon, 1998). However, the increase in activity is
dependent on the lipid composition of the membranes used for reconstitution (Basaran
et al, 1999), and on the ratio of CYP3A4: cytochrome bs: reductase (Yamazaki et al,

1999). Cytochrome bs has a higher affinity for mono-unsaturated acyl chains (DMPC),
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and exerts its maximum facilitative effect on CYP3A4 at a ratio of 1 mole CYP3A4: 1

mole bs: 2 moles reductase.

1.1.8 Involvement of CYP3A in First-Pass Drug Metabolism

1.1.8.1 First-Pass Metabolism

First-pass metabolism is defined as any irreversible loss of drug between the
site of administration and the systemic arterial circulation (Tam, 1993). Intravenous
administration is often considered to be void of first-pass metabolism, because the drug
is infused directly into the systemic venous blood. However, since venous blood must
travel to the right atrium, right ventricle and lungs before returning to the heart and
becoming arterial flow, any metabolic loss in the lungs would be considered a first-
pass loss as well. For most drugs (excluding those that undergo hydrolytic of sulfation
reactions in blood), this loss is considered negligible, and therefore first-pass
metabolism does not occur after intravenous administration.

Most drugs are given orally, and therefore must pass through several physical
and metabolic barriers prior to reaching the systemic circulation. Further, drugs must
survive the acidic environment of the stomach and undergo absorption through the
gastrointestinal mucosa. Intestinal absorption can occur either paracellularly (between
cells) or transcellularly (through cells), but transcellular uptake is considered to be the

most efficient (Arturrson, 1991). While passing through the enterocyte, the drug can be
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metabolized by enzymes present in the apical tips of the villi (Ilett et al, 1990). Drug
molecules must then escape metabolic extraction by the liver before reaching the
hepatic vein and the systemic circulation. Some drugs have such extensive first-pass
metabolism (oxidative, reductive, hydrolytic or conjugative), that it precludes their use
as oral medications, for example: naloxone, isoproterenol, lidocaine and nitroglycerin
(Pond and Tozer, 1984). Both the liver and small intestine contain the highest levels of
drug metabolizing enzymes, especially CYP3A, and therefore would be most
implicated in any first-pass loss of orally administered drug. From the perspective of
inter-individual differences in drug bioavailability (i.e. drug efficacy) and drug-drug
interactions (i.e. drug safety), it is very important to know the extent of first-pass
metabolism in these organs, and which factors, both endogenous and exogenous, can

affect the overall first-pass effect.

1.1.8.2 Oral Bioavailability

The oral bioavailability (F) of a drug is often used as a quantitative
measurement of the degree of first-pass metabolism. It is generally calculated as the
ratio of the area under the plasma concentration vs. time curve following oral
administration (AUC,) to the area following intravenous administration (AUCi) after

normalizing for dose (Gibaldi and Perrier, 1982):

F = AUC,./ AUCyy * Div/ Dyo [1.1]
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where D;y and Dy, represent the intravenous and oral dose, respectively. Since the
bioavailability calculation compares oral to intravenous exposure, bioavailability can
also be referred to as the fraction of oral dose that reaches the systemic circulation
intact. Each drug-metabolizing organ has its own fraction of drug that can pass through
it intact. When these organs are arranged in series, like the small intestine and liver,
the overall systemic bioavailability can also be calculated as the product of each

individual organ’s bioavailability (Pond and Tozer, 1984):

F=F,*F;*Fy [1.2]

where F, is the fraction of oral dose that gets absorbed through the gastrointestinal
lumen, F; is the fraction of oral dose that escapes biotransformation or efflux in the
small intestine and Fy, is the fraction of dose that remains intact after passage through

the liver.

1.1.8.3 Extraction Ratio

Whereas bioavailability describes the fraction of dose that escapes loss through an

organ, the extraction ratio (E) describes the fraction of dose that does not escape first-

pass metabolism through an organ. The two parameters are related as follows:
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F=1-E or E=1-F C[1.3]

Since the extraction ratio is related to the bioavailability, it can also be calculated using
the systemic exposure of the drug (AUC) during different types of drug administration
(Llett et al, 1990). Assuming rapid equilibrium between incoming and outgoing blood
flows, no lung metabolism and equal doses of drug, intestinal (Eg) and hepatic (Ep)

extraction can be calculated as follows:

E;= 1 - (AUC, / AUC) [1.4]

En= 1 - (AUC;, / AUCy) [1.5]

where AUC,,, AUC;, and AUC;, represent the area under the concentration vs. time
curve after oral, intraportal and intravenous administration, respectively. These
equations represent anatomical situations where drug is dosed afferent and efferent to
the drug-metabolizing organ, and then sampled at a peripheral venous site. Thus, any
loss of dose (i.e. differences in AUC by the two dosing routes) would be attributed to
extraction by the organ in question. Although this method is appropriate for studies in

animals, it is generally unsuitable for humans.
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1.1.8.4 Factors that Affect AUC

The systemic AUC of a drug is a measure of its relative exposure to the body,
and is inversely related to the systemic clearance of that particular drug (Gibaldi and

Perrier, 1982):

AUC,;, = Dose / Clearance [1.6]

And if the drug is given orally, the relationship includes the bioavailability parameter.

AUC,, =F * Dose / Clearance [1.7]

Since dose is usually considered a constant value, clearance and bioavailability will

influence the AUC after oral administration.

1.1.8.5 First-Pass Extraction Models

Up to this date, five models have been proposed to describe hepatic clearance

and bioavailability in terms of three measurable physiological factors. These factors

are: blood flow; the vehicle that presents drug to or removes drug from the
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metabolizing organ; enzyme activity; the quantity, affinity and catalytic potential of the
drug metabolizing framework; and the free fraction of drug, also referred to as the
fraction of drug able to cross biological membranes and be metabolized. = The first is
the well-stirred (or venous equilibrium) (Rowland et al, 1973), followed by the parallel
tube (or undistributed sinusoidal perfusion) (Winkler et al, 1979), the distributed
sinusoidal perfusion (Bass et al, 1978), the dispersion (Roberts and Rowland, 1985)

and the series-compartment model (Gray and Tam, 1987).

1.1.8.6 Well-Stirred Model of Extraction

1.1.8.6.1 Liver

As aforementioned, the well-stired model of hepatic clearance was first
discussed by Rowland (1973). This model considers the eliminating organ as a single
homogeneous compartment, where the concentration of drug metabolizing enzymes
and exogenous drug are considered constant throughout the organ. The well-stirred
model also assumes that unbound drug concentration in the blood can freely diffuse
into the organ, thus the unbound concentration in the blood reflects the unbound
concentration inside the organ. Inherent to this stipulation is that there is no diffusional
barrier to drugs entering the organ; thus, the diffusion of drug into the organ is not rate-
limiting in its elimination. The relationship that describes hepatic extraction in the

well-stirred model is shown below:
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En = (fu * Clint) / (Qn + fu * Clin) [1.8]

where Ep, Qu, fu and Cliyy represent hepatic extraction ratio, hepatic blood flow, free
fraction of drug in blood and unbound intrinsic clearance, respectively. The product of
/i and Cliy is known as the total intrinsic clearance and is not solely dependent on
enzyme parameters, but free fraction as well. The above relationship becomes a

calculation for hepatic clearance if the equation is multiplied by hepatic blood flow

(Qn).

1.1.8.6.2 Intestine

Just as the well-stirred model can predict hepatic clearance for many drug
compounds, it can also be used to predict intestinal extraction as well (Colburn, 1979;

Klippert et al, 1983; Mistry and Houston, 1987).

Eg = (Cliw) / (Cli + Qsma * £5) [1.9]

The above relationship incorporates many of the same parameters of the hepatic model
in that intrinsic clearance and blood flow are represented. However, there are a few
differences between the two models. The intrinsic clearance terms reflect intestinal
enzyme parameters instead of the liver. Blood flow is represented by Qsma, referring
to the superior mesenteric artery, the main blood supply to the small intestine.

However, only a fraction of the SMA blood flow (f;) actually goes to the mucosa.
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Although SMA blood flow is not a relatively important vehicle to deliver drug to the
drug metabolizing enzymes in the small intestine, it does affect residence time of the
drug in the mucosa after oral administration. Blood flow in the intestinal model is
counterproductive to drug metabolism after an oral dose, because it draws drug
molecules away from the mucosal enzymes. The intestinal relationship is also absent a
term for free fraction (f.). The free fraction is absent primarily due to first-pass
considerations where the drug has not been exposed to blood, and therefore has not
been exposed to plasma proteins. However, from a theoretical consideration the f, term
can be included in the relationship, which would result in a decrease in intrinsic
clearance, because it may exaggerate the sink effect of the SMA blood flow, and
remove drug from the site of metabolism.

The pharmacokinetic effects of orally administered inducers or inhibitors can be
observed in both the small intestine and the liver. The magnitude of an AUC change
after treatment with an inhibitor or inducer is the product of the effect in the intestine
and the effect in the liver, and the magnitude of AUC change depends on the
bioavailability of the substrate.  Various in vivo studies have confirmed this
phenomenon (Table 1.1). The multiplicative relationship for a co-administered

inhibitor is shown below:

AUC po(iny AUCpo = Fo(innyFG * Clinginny Clim [1.10]
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where AUC,qinn) represents the area under the plasma concentration versus time curve
after oral administration of inhibitor, Fggnn) is the gut bioavailability during inhibitor
treatment, [I] is the concentration of inhibitor and K; is the inhibition constant for the
inhibitor. AUC and F parameters without the (inh) notation represent parameter
estimates during control (no inhibitor) phase. A similar relationship exists when an

inducer is orally co-administered with a CYP3A substrate.
AUC (indy AUC o = Fi(indyF * Climinay’ Clim [1.11]

The AUC ratio is as described for equation 1.10 except that the notation (ind) applies
to an inducer rather than an inhibitor, and Cliy, represents the intrinsic hepatic
clearance. Both relationships illustrate the multiplicative extraction in both the liver

and small intestine.

1.1.8.7. Intrinsic Clearance and Enzyme Parameters

A single enzyme-single substrate system can be described by the following

mass balance relationship (Segel, 1975):

kl kmt
[S]+[E] —k—"_n_ [ES;—® [P] [1.12]






