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ABSTRACT

Part I. The disposition kinetics of 5-fluorouracil (5-FU) and
a 5«FU prodrug, 5'-deoxy-5-fluorouridine (5'dFUR), were investigated in
twelve patients with colorectal carcinoma. Each patient randomly
received either two single, intravenous (iv) doses of 5-FU (7.5 and 15
ng/kg) or 5'dFUR (2 and 4 g/mz) on separate days. In addition, the
whole blood/plasma concentration ratio and stability of 5-FU and 5'dFUR
at 37°C was determined in whole blood from normal vélunteers and in
five patients with colorectal carcinoma.

A disproportionate increase in area under the curve and
corresponding decrease in total body clearance with increasing dose was
observed suggesting dose-dependent behavior of both 5-FU and 5'dFUR.
The renal clearance of both compounds was independent of dose.
Therefore, the mechanism for dose-dependence appears to be primarily due
to nonlinear elimination associated with nonrenal processes. The mean
5-FU half-life following the high dose was nearly twice as long as that
observed for the low dose suggesting product-inhibition as a possible
explanation for the observed nonlinearity in 5-FU elimination.

The present studies demonstrate that both 5-FU and 5'dFUR
degrade when incubated in whole blood. However, the estimated whole
blood clearance does not contribute significantly to the observed total

body clearance values.

Xv



xvi

Part II, This investigation examined the influence of gender
and cigarette smoking on the disposition of propranolol (P) and
metoprolol (M) after both oral and iv administration to twenty healthy
volunteers.

The only significant differences between smokers and nonsmokers
were a higher total body clearance of P and a larger volume of
distribution of M in smokers. A comparison of oral clearance values
demonstrated that smokers and nonsmokers had a similar capacity to
metabolize P and M., Differences between males and females were not
observed for any of the pharmacokinetic parameters examined.
Nonlinearity in the absorption of P and M was observed and the data

suggest marked intersubject differences in the ability of the liver to

extract or metabolize these drugs on their first-pass through the liver.



PART I

PHARMACOKINETIC STUDIES OF 5~FLUOROURACIL AND 5'~DEQOXY~5~FLUCROURIDINE

IN PATIENTS WITH COLORECTAL CARCINOMA



CHAPTER 1

INTRODUCTION

Colorectal carcinoma is the third most common cancer in the
United States, accounting for 15% of all malignancies. It is estimated
that 138,000 new cases will be diagnosed and 60,000 Americans will die
of the disease in 1985 (Silverberg 1985). While surgical resection is
often curable in patients with early-stage malignancies, 28 to 44% of
patients are judged to be incurable at the time of initial presentation.
Approximately 20% of this group will survive one year and 7% two years
(Gustavsson and Hafstrom 1981). Consequently, treatment of patients
with‘advanced and metastatic disease is one of the most frequent
challenges encountered in oncology.

Chemotherapy is the most common nonsurgical treatment for
patients with inoperable or wide-spread disease. During the past 25
years, 5-fluorouracil (5-FU) and its analogues have been the only agents
demonstrating reproducible therapeutic effects in advanced disease.
However, the objective response rates of these agents are generally in
the range of 10 to 25% at best. In addition, observed responses are
usually only partial and of short duration (7 to 8 months) (Windshitl et
al. 1983; Carter 1976; Moertel 1978; Davis 1982; Ansfield et al. 1977;

Ramirez et al. 1969). While a number of other single agents have been



tested for activity against colon tumors, none have demonstrated
superior efficacy over 5-FU (Kern and Lee 198Y4; Davis 1982; Moertel
1973; Schutt et al. 1973). |
Despite widespread clinical use of 5-FU during the past two
decades, a precise description of its mechanisms of action,
pharmacokinetic characteristies, and optimal dosage guidelines remain
unclear. The remainder of this chapter will review these areas as well
as current approaches designed to improve the therapeutic efficacy of
this antimetabolite. Coverage of the literature, by necessity, will
focus only on the key references that are germane to the proposed
pharmacokinetic studies. However, the interested reader is directed to
several comprehensive reviews on the fluoropyrimidines relating to their
pharmacologic and biochemical effects (Valeriote and Santelli 1984;
Ardalan and Glazer 1981; Heidelberger 1975; Heidelberger 1981; Myers
1981; Wasternack 1980), clinical pharmacology and therapeutics (Carter
1982; Davis 1982; Stagg et al. 1984; Gustavsson and Hafstrom 1981) and
to their clinical pharmacokinetics (Myers 1981; Powis 1982; Balis,
Holcenberg and Beyer 1983; Sadee 1981; Powis, Ames and Kovach 1983;

Kovach 1983; Myers et al. 1976; Sadee and Wong 1977; Chabner 1982).

-FU Metabolism

The metabolism of 5-FU is very similar to that of endogenous
uracil with the existence of one catabolic pathway as well as several
anabolic pathways to form nucleotides (Cooper, Dunning and Greer 1972;
Mukher jee and Heidelberger 1960; Myers 1981; Chaudhuri, Montag and

Heidelberger 1958; Mukherjee et al. 1963; Wasternack 1980; Ardalan and



Glazer 1981). Thus, the balance between catabolism and anaboliec
activation is important in determining the biological effects of this
compound.

Anabolism . There are three postulated pathways by which 5-FU
may be activated to nucleosides and nucleotides (Figure 1). First, in
the presence of a sufficient deoxyribose donor, 5-FU may be converted to
5-fluoro-2'-deoxyuridine (FdUrd) by the enzyme thymidine phosphorylase.
FdUrd may subsequently be phosphorylated to form 5-fluorodeoxyuridine
monophosphate (FJUMP) by the enzyme thymidine kinase. The formation of
this nucleoside plays an important role since 5dUMP is a potent
inhibitor of the enzyme thymidylate synthetase and thus can influence
the formation of DNA.

The second pathway involves the formation of 5-fluorouridine
(FUrd) from 5-FU by uridine phosphorylase and subsequent conversion to
5-fluorouridine monophosphate (FUMP) by uridine-cytidine kinase.

The third pathway involves the conversion of 5-FU to FUMP
directly via the action of orotic acid phosphoribosyl transferase. This
enzyme utilizes 5-phosphoribose-1-pyrophosphate (PRPP) as a substrate.
Since PRPP is also a substrate for purine synthesis, competition for
this substrate may adversely affect or promote the conversion of 5-FU to
FUMP via this pathway (Wasternack 1980).

The FUMP formed from either of the latter two pathways may
further be phosphorylated to 5-fluorouridine diphosphate (FUDP). This
FUDP is in turn converted to S5-fluorouridine triphosphate (FUTP), which

is incorporated into RNA., 1In addition, FUDP may be converted to
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Figure 1. Major anabolic pathways of 5-flurouracil in man.



5-fluorodeoxyuridine diphosphate (FAUDP) through the action of
ribonucleotide reductase. FJdUDP may then be converted to FAUMP which
can inhibit DNA formation.

In summary, three separaﬁe pathways exist for the activation of
5-FU. For a given cell line or tumor, one or more of these pathways may
be operative. In addition, even when the enzymes for all three pathways
are present,’one pathway may predominate. For example, in murine
tumors, cytotoxic response appears to be correlated with the third
pathway (Reyes and Hall 1969). In contrast, Laskin et al. (1979) have
demonstrated that this pathway may not be predominant in certain cell
lines where ribose-1-phosphate or deoxyribose-1-phosphate is available.
An understanding of the relative role of these pathways in human tumors
is incomplete. Initial studies have demonstfated that different cell
lines grown under identical conditions in vitro, show variable responses
to 5-FU as well as differences in the critical cytotoxic pathway (Laskin
et al. 1979; Evans, Laskin and Hakala 1980; Benz et al. 1980; Houghton
and Houghton 1983). In addition, one study has suggested that the
critical pathway may depend on the concentration of 5-FU (Evans, Laskin
and Hakala 1980). Differences of this type between cells and tissues in
vivo (Ahmed, Haggitt and Welch 1982) may explain the variable clinical
and toxicological responses to 5-FU in cancer patients.

Catabolism . The catabolic pathway of 5-FU is the same as that
identified for uracil and thymine (Canellakis 1956; Myers 1981;
Wasternack 1980) (Figure 2). The catabolism of 5-FU has been reported

to proceed primarily in the liver, where the pyrimidine ring is first
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Figure 2. Proposed catabolic pathway of 5-FU in man.



reduced by dihydrouracil dehydrogenase and then cleaved. Subsequent
enzymatic degradation yields a-~fluoro- §§ -alanine, carbon dioxide, and
ammonia (Chaudhuri, Mukherjee and Heidelberger 1958). Until recently,
characterization of this pathway was limited because of the lack of a
spedifio and sensitive assay for quantitation of the intracellular and
extracellular metabolites. Recently, Sommadossi et al. (1982;1985) have
characterized this catabolic pathway in freshly isolated rat hepatocytes
using a specific high-performance liquid chromatographic technique.
Studies in rais have suggested that the relative role of the
anabolic and catabolic pathways may vary between different types of
normal and tumor tissue. For example, Ikenaka et al. (1979) found that
catabolism of 5-FU was much faster in liver than in other normal tissues
and was very slow in tumor tissue. In contrast, anabolism of 5-FU was
high in tumor cells but low in liver slices. In addition, Queener,
Morris and Weber (1971) examined the spectrum of catabolic and anabolic
enzyme activity in hepatomas of different growth rates. They observed
that dihydrouracil dehydrogenase, and hence catabolic activity,
decreased in parallel with an increase in hepatoma growth rate.
However, anabolic enzyme activity increased concomitantly with the

increase in growth rate.

5=-FU Mechanism of Action

A unified mechanism for the biological actions of 5-FU has not
been established and indeed may not exist. Based upon the anabolic
pathways discussed in the last section, two major mechanisms have been

hypothesized as causing cytotoxicity. Both mechanisms require



conversion of 5~FU to its nucleotides as a prerequisite for
antineoplastic activity. The first mechanism associates the
growth-inhibitory effect of 5-FU to the formation of FdUMP, which in the
presence of thymidylate synthetase, inactivates the enzyme, and thereby
blocks DNA formation (Valeriote and Santelli 1984; Heidelberger 1975;
Santi, McHenry and Sommer 1974; Sommer and Santi 1974; Lagenbach,
Danenberg and Heidelberger 1972). The second major mechanism is
dependent on the conversion of 5-FU to FUTP which may be incorporated
into mRNA, rRNA and tRNA. These species may then produce a structurally
or functionally deficient species of RNA (Valeriote and Santelli 1984;
Mandel 1969; Glazer and Lloyd 1982; Kufe and Major 1981).

In addition to these two major mechanisms, the potential role
for membrane effects (Walliser and Redmann 1978; Kessel 1980; Peters et
al. 1984) or incorporation of a 5-FU metabolite directly into DNA has
been suggested (Cheng and Nakayama 1983; Major et al. 1982; Danenberg et

al. 1981; Kufe et al. 1983).

h=FU_ Pharmacokinetic Properties

While there is a considerable body of literature on the
pharmacokinetics of 5-FU administered via a variety of routes and
schedules, a full understanding of the pharmacokinetic behavior of 5-FU
remains limited. At least five factors have contributed to the
variability seen in published 5-FU data: (1) lack of sensitive and
specific assay methods for the detection of 5-FU and its metabolites
until the mid-1970's (Myers 1981; Gustavsson and Hafstrom 1981); (2)

methodological errors where too few samples were obtained during the
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early time periods following intravenous bolus doses (Myers 1981); (3)
determination of pharmacokinetic properties in small numbers of
heterogenous patients with various types and degrees of tumor
involvement; (4) concomitant use of other anticancer medications which
may influence tumor size or metabolism of 5-FU; and (5) demonstration of
non-linear (saturable) elimination processes which result in dose and
schedule-dependent pharmacokinetics.

Since 5-FU is usually administered as a single intravenous bolus
injection at a dose of 10 to 15 mg/kg once a month or daily for five
consecutive days every month, the most comprehensive pharmacokinetic
data are available for this mode of administration. A summary of the
available data is presented in Table I. Following administration of 10
to 15 mg/kg (400 to 600 mg/m2 bolus doses, peak plasma
concentrations reach 13 to 130 ug/ml (0.1 to 1.0 mM). Thereafter,
plasma concentrations fall rapidly with mean post-distributive phase
half-lives ranging from 6 to 37 min. Some investigators have also
reported a short distributive phase with a half-life of approximately 2
min (Christophidis et al. 1978; Cano et al. 1979; Garrett, Hurst and
Green 1977). In addition, using sensitive gas chromatographic assays
with mass spectrometric or electron capture detection, three
investigators have observed a slow terminal phase with half-lives up to
2.5 hr following intravenous bolus administration in isolated patients
(Finn and Sadee 1975; Cano et al. 1979; McDermott, van den Berg and
Murphy 1982). The relevance of this half-life in terms of drug therapy

is unknown since it is generally observed at concentrations (1 to 50



Table I. Pharmacokinetics of 5-FU: Representative studies.

Refetence Assay" Mode of Doseh Number of Half-life Css C]earancé‘ v,©
Method  Adminis- Paticnts (min)  (ug/ml) {1./min) o}
istration
Almersjo et al. 1980 MB Bolus 3.6 mg/kg S 7.0 2,38
15 mg/kg 4 19.0 3.14
Cano et al. 1979 GC/MS Rolus 750-1000 mg 9 11.4 0.82
Infusion 750-1000 mg 6 13.1 0.04 - 0.40 20.7
over 8 hours
Chlebowski et al. 1982 GLC Bolus 15 mg/kg 3 12.5
Christophidis et al. 1978 GLC Bolus 11.8 my/kg 12 16.6 0.83 25.0
Clarkson et al. 1965 MB Bolus 15 mg/kg 3 12.0
: Infusion 10 mg/kg/day 1 0.07 6.42
Infusion 30 mg/kg/day 1 0.30 4.21
Cohen et al. 1974 GL.C Bolus 15 mg/kg 7 10.0 0.59 8.4
Ensminger et al. 1978 HPLC Infusion 134 mg/kg/day 5 6.81 1.07
Infusion 269 mg/kg/day 2 8.65 1.63
Infusion 334 mg/kq/day 2 15.67 1.67
Finch, Bending and Lant GLC Bolus 500 mg 11 8.3 1.05 12.6
1979 Bolus 1000 mg 7 12.7 0.68 12.4
Finn and Sadee 1975 GC/Ms Bolus 15 mg/kg 3 12.0 1.12 26.0
Floyd et al. 1982 HPLC Infusion 20-25 mg/kg/day 16 0.1 - 1.4 5.29
Fraile et al. 1980 GLC Bolus 12.1 mg/kg 3 9.4 1.21
Garrett, Hurst and Green MB Bolus 14.2 mg/kg 3 13.2 .12 20.0
1977 Bolus 7.1 mg/kg 3l 8.5 1.76 20.0
Infusion 134 mg/kqg/day 2 1.42,2.65 2.52,4.70
Harvey et al. 1984 GLC Bolus 15 mg/kg 6 10.2 0.89 13.4
Hillcoat et al. 1978 GC/MS Infusion 30 mg/kg/day 7 0.18 12.3
Kirkwood et al. 1980 HPLC Bolus 11-13 mg/kg 7 36.8
Macmillan, Wolberg and HPLC Bolus 10.9 mg/kg 8 11.4 1.27 17.6
Welling 1978
Nakatsu and Asano 1985 MB Bolus 3 mg/kg 10 25.0 3.72
Bolus 5 mg/kg 10 16.2 1.71
Infusion 120 mg/kg/day 10 3.6 5.66
Infusion 360 mg/kg/day 10 4.8 2.99
Phillips et al., 1980 HPLC Bolus 3.6 mg/kg 5 6.3 1.41 13.7
Seitz et al. 1983 GC/MS Bolus 15 mg/kg 7 1.06
Sitar et al. 1977 HPLC Bolus 11.5 mg/kg 16 20.3 2.34 54.3
Woodcock et al. 1980 HPLC Bolus 7.5 mg/kg 6 6.0
a HPLC = high-performance liquid chromatography.

GLC gas-liquid chromatography.
GC/Ms gas-liquid chromatography mass spectrometry.
MB = microbiologic assay.
Converted to mg/kqg based on reported weight or by assuming the average patient weighs 70 kg.
Steady-state concentration.
Converted to I./min based on reported weight or by assuming that an average patient weighs 70 kq
and has a body surface area of 1.7 sq. meters.
e Volume of distribution in the post-distributive phase.
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ng/ml) which are near the sensitivity limit of even the most sensitive
assays and which are generally well below the level required for
biologic activity (Chabner 1982).

The published pharmacokinetic studies reveal mean clearance
values ranging from 0.59 to 20.7 L/min and mean volumes of distribution
ranging from 8 to 54 L (Table I). Data in eight of these studies
resulted from the administration of 5-~FU as a constant rate intravenous
infusion, at rates ranging from 10 to 360 mg/kg/day. The infusion
results differ significantly from the intravenous bolus data as they
produced larger clearance values (1.07 to 20.7 L/min versus 0.59 to 3.72
L/min). A number of the infusion clearance values exceeded cardiac
output (5 L/min) (Collins et al. 1980; Spector 1956). Hillcoat et al.
(1978) also observed that steady-state infusion concentrations are quite
variable, even within an individual.

In an attempt to explain the observed clearance values which
equal or exceed cardiac output, Collins et al. (1980) concluded that
drug must be cleared (metabolized, degraded or irreversibly bound) by
the lungs or blood or both. Since there were no reports suggesting 5~FU
clearance by human blood and they were unable to demonstrate
transformation in vitro (unpublished observations), these authors
assumed that the lungs must be responsible for the bulk of 5-FU
clearance. Although pulmonary metabolism has not been specifically
examined, these investigators have shown theoretically that when the
pulmonary extraction ratio exceeds 0.42, total body clearance may

approach cardiac output.



13

5-FU is a good example of an anticancer drug which exhibits
saturable elimination at high doses. While the trend for non-linearity
is apparent by examining the decrease in clearance with increasing bolus
doses in Table I, more conclusive data have appeared in studies
comparing clearance values of two dose levels in the same individual.
In an early report Garrett, Hurst and Green (1977) performed paired
studies in three patients receiving intravenous bolus doses of 500 and
1000 mg 5-FU. As the dose was doubled, they observed an increase in
plasma half-life from 8 to 13 min, and a decrease in total body plasma
clearance from 1.8 to 1.1 L/min. In two patients, administration of the
1000 mg dose as a constant-rate infusion (6.7 mg/min) produced total
clearance values which were 3.5 fold larger (3.8 L/min) than the
corresponding value obtained from bolus administration. In support of
these initial findings, Finch, Bending and Lant (1979) conducted a
paired study in seven patients receiving intravenous bolus doses of 500
and 1000 mg in a random order. In these patients, mean half-life
increased from 8.2 to 12.7 min while total body plasma clearance
decreased from 1.1 to 0.7 L/min as the dose was increased. Furthermore,
Cano et al. (1979) compared the pharmacokinetics in six patients
receiving doses between 750 and 1000 mg 5-FU, administered either by
intravenous bolus or as a continuous 8 hour infusion. Bolus
administration of 5-FU, which produced peak plasma concentrations up to
91 ug/ml, yielded a mean clearance of 0.78 L/min. In contrast, after
infusion to steady-state 5-FU concentrations of 0.015 to 0.4 ug/ml, mean

total body clearance was 20.7 L/min (median, 12.5 L/min). Explanations
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for the extraordinarily high clearance values observed by these
investigators are not known.

Since the apparent total body clearance after an intravenous
bolus is about the same magnitude as liver blood flow, several
investigators (Sadee and Wong 1977; Almersjo et al. 1980) have suggested
that the liver is the major organ for 5-FU elimination. This hypothesis
is supported by two observations. First, up to 90% of an intravenous

14 14

dose of [2- 'C]5-FU is expired as CO,, the expected end

29
product of the catabolic pathway for which dihydrouracil dehydrogenase
is the rate-limiting step (Mukherjee et al. 1965; Sommadossi et al.
1985). Second, dihydrouracil dehydrogenase is present in its highest
concentration in the liver (Queener, Morris and Weber 1974; Ho et al.
1981). On the other hand, analysis of intravenous infusion studies in
man (Ensminger et al. 1978; Almersjo et al. 1980; Speyer et al. 1981),
dogs (Gustavsson et al. 1979) and pigs (Almersjo et al. 1976),
demonstrate that hepatic extraction ratios are less than one. In man,
for example, the mean hepatic extraction ratio of 5-FU at hepatic venous
plasma concentrations of less than 1.3 ug/ml was 0.67 while extraction
ratios ranging from 0.23 to 0.5 were observed at hepatic venous
concentrations of 3.1 to 16 ug/ml. While these observations confirm
saturable hepatic extraction of 5-FU in the liver, they predict hepatic
clearance values (0.5 to 0.8 L/min) which are much less than the

observed total body clearance values. Consequently, extrahepatic sources

of elimination must exist.
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In summary, reported data suggest that 5-FU pharmacokinetics are
nonlinear. However, the meehanisﬁs responsible for producing the
observed nonlinearity have not been clearly defined. In addition,
considerable confusion exists regarding 5-FU clearance values and the

role of extrahepatic elimination,

5=FU_Prodrug: 5!-Deoxy-5-Fluorouridine

Due to the prevalence of advanced colorectal carcinoma and the
modest but rather disappointing therapeutic activity of 5-FU, a variety
of approaches are being evaluated in an attempt to improve therapeutic
outcome. These approaches include synthesis of new compounds with
increased inherent activity, drug targeting, regional drug delivery
(e.g., hepatic artery infusion) and biochemical modulation with other
compounds which can alter the metabolic pathways.

In the hope of achieving greater drug selectivity against tumor
tissues, several prodrugs of 5-FU have been synthesized and tested in
recent years, Rustum (1983) has proposed two models for the activation
of these compounds. Model I presumes the inactive prodrug is activated
primarily in the systemic (non-tumor) compartments followed by uptake
into tumor target tissues and subsequent activation into 5-FU
nucleotides. On the other hand, Model II presumes that activation of
the prodrug primarily occurs in the tumor target tissues. As a result,
drugs of the Model I type would expose both normal and tumor tissues to
the same concentrations, and therefore, would not be expected to produce
significant selectivity compared to 5-FU. In contrast, drugs of the

Model II type would be expected to produce tumor selectivity since they
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are activated selectively in target tissues. The following review will
focus on a recently synthesigzed prodrug, 5'-deoxy-5-fluorouridine, which
appears to possess significant Model II properties. For information on
other 5-FU prodrugs, the reader is directed to the recent review by
Hadfield and Sartorelli (1984).

5'-Deoxy~-5-fluorouridine (5'dFUR; doxifluridine, Ro 21-9738)
(Figure 3) was synthesized in 1976 by Cook et al. (1979) and has been
reported to have antineoplastic activity against several rodent and
human tumor cell lines following either intraperitoneal, intravenous or
oral administration (Cook et al. 1979; Kramer et al. 1979; Bollag and
Hartmann 1980; Ishitsuka et al. 1980; Armstrong and Diasio 1980;
Armstrong and Cadman 1983; Armstrong et al. 1983a; Armstrong et al.
1983b; Au et al. 1983; Connolly et al. 1983). In these initial studies,
5'dFUR exhibited a higher therapeutic index (Kramer et al. 1979; Bollag
and Hartmann 1980; Ishitsuka et al. 1980; Armstrong and Diasio 1980;
Armstrong and Cadman 1983) and was less immunosuppressive (Ohta et al.
1980: Connolly et al. 1983), myelosuppressive (Armstrong and Diasio
1981; Bollag and Hartmann 1980) and cardiotoxic (Tamatsu et al. 1983;
Tamatsu et al. 1984) than other fluorinated pyrimidines.

Since 5'dFUR is not directly cytotoxic itself, the superior
therapeutic index compared to other fluoropyrimidines has been
attributed to its selective activation to 5-FU in sensitive tumor cells
as opposed to bone marrow cells (Armstrong and Diasio 1981; Armstrong
and Diasio 1980; Au et al. 1983). These investigators have demonstrated

in rodent tumor cells, 5'dFUR is activated to 5-FU by the enzyme uridine
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Figure 3. Chemical structures of 5-fluorouracil (5-FU) and
5'-deoxy~5-fluroruridine (5'dFUR).
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phosphorylase. b5-~FU-related anabolites were observed after incubating
these cells with [6-3H]5'dFUR, and the formation of these anabolites
correlated with inhibition of thymidylate synthetase and cytotoxic
activity. In contrast, incubation of 5'dFUR with bone marrow cells did
not produce any inhibition of thymidylate synthetase and no metabolism
to 5-FU or its anabolites was observed.

Although it was subsequently found that the enzyme responsible
for converting 5'dFUR to 5-FU in man is thymidine phosphorylase rather
than uridine phosphoyrlase (Kono et al. 1983; Hara and Kono 1984), the
selectivity of 5'dFUR activation between tumor and bone marrow cells has
also been observed in human cells (Armstrong and Cadman 1983). The
concept of selective activation is also supported by Kono et al. (1983)
who found that pyrimidine nucleoside phosphorylase (thymidine
phosphorylase) activity in human tumors was higher than in normal tissue
from the same organ. Furthermore, concentrations of 5-FU following
intravenous and oral doses of 5'dFUR were higher in tumor tissues than
in serum (Kono et al. 1984).

Based on these results, 5'dFUR is currently being investigated
for treating carcinomas of the head and neck, breast, ovary and
colon/rectum. While initial phase I (Abele et al. 1982) and phase II
(Abele et al. 1983; Abele et al. 1984; Ota and Kimura 1984; Taguchi et
al. 1985; Kurihara et al. 1985) trials have demonstrated activity, the
clinical potential of 5'dFUR will only be clearly defined from the

outcome of ongoing phase III trials.
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5'dFUR Pharmacokinetics

Most of the preclinical and pharmacokinetic data on 5'dFUR is in
the files of Hoffmann~La Roche, Inc. Consequently, published data on
the pharmacokinetics and disposition of 5'dFUR are lacking. The
following summary (Table II) is based on published reports in man.

The administration of 0.6 to 5 g/m2 bolus doses in two
studies (Abele et al. 1982; Heintz et al. 1983) yielded the following
kinetic parameters for 5'dFUR; namely, a half-life between 12 and 26
min, a volume of distribution of 12 to 30 L, and clearance values of
0.26 to 2.1 L/min. Although inspection of Table II suggests the
potential for dose-dependent clearance and volume of distribution, data
comparing the clearance values at more than one dose level in the same
individual have only been published for one patient (Sommadossi et al.
1984), These investigators suggested non-linear pharmacokinetics in a
patient given both a 2 and 4 g/m2 intravenous infusion over 30 min,

The pharmacokinetics of 5'dFUR following the infusion of 1 to 15
g/m2 doses over 25 to 35 min were reported by Sommadossi et al.
(1983). Although the results, again presented in Table II, do not
demonstrate a consistent dose dependency, convex log plasma
concentration-time plots were observed at the high dose for both 5'dFUR
and its metabolite 5-FU.

Renal excretion of unchanged 5'dFUR in these studies was rapid
(nearly complete in 2 to 4 hours) and accounted for 18 to 57% of the
administered dose. In addition, measurable concentrations of the

metabolite, 5-FU, were observed soon after administration of 5'dFUR and



Table II. Pharmacokinetics of 5'dFUR: Published studies

Reference Assaya Mode of Dose  Number of Half- Clearanceb A/ N
Method Adminis- (g/m ) Patients 1life (L/min) (L)
istration (min)
Abele et al. HPLC Bolus 0.66 2 20.5 2.12 30.0
1982 1.00 3 16.5 1.38 18.0
2.00 3 25.8 0.65 21.3
3.00 2 23.4 0.70 26.0
4.00 2 22.8 0.50 17.0
Heintz et al. HPLC Bolus 1.00 d 12.0 0.90 21.0
1983 5.00 d 25.0 0.26 12.6
Sommadossi et al. HPLC Infusion 1.00 1 10.7 0.83 12.8
1983 2.00 1 17.5 1.57 39.6
15.00 1 30.0 0.50 21.6
Sommadossi et al. HPLC Infusion®  2.00 1 1.44
1984 over .00 1 1.58
30 min

HPLC = high-performance liquid chromatography.

Converted to L/min by assuming an average weight of 70 kg.
Volume of distribution in the post-distributive phase.
Number of patients not reported.

Both doses administered to the same patient.
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declined in parallel to the concentrations of unchanged 5'dFUR. 1In
contrast, concentrations of the catabolic metabolite of 5-FU,
dihydrofluorouracil, reached relatively constant levels and then
declined with an apparent half-life which was longer than the
corresponding half-life of the parent compound (Sommadossi et al. 1983;

Heintz et al. 1983).

Fluoropyrimidine Assay Methodology
5=FUJ . A prerequisite for studying the disposition of 5-FU and

5'dFUR is having a highly sensitive and specific assay for plasma and
urine samples. Numerous methods of analysis for 5-FU have been reported
in the literature., One of the earliest methods was that of Clarkson et
al. (1964) who developed a microbiologic assay using Streptococcus
faecalis as the test strain. While the sensitivity of this method was
quite good (approximately 70 ng/ml), the estimated methodological error
was unacceptable (+ 25%). Brandberg et al. (1977) and Garrett, Hurst
and Green (1977) have improved the sensitivity (10 to 20 ng/ml) and
precision (+ 10-15%) of this method by using different organisms and
plating techniques. Although the microbiological assays of 5-FU are
sensitive, they have drawbacks in patients receiving simultaneous
antibiotic therapy.

Different gas chromatographic assays (GLC) involving a variety
of detection techniques have been described. Methods utilizing either
derivatized or underivatized 5-FU and nitrogen-phosphorous detection are
sensitive to about 300 ng/ml and thus, are only suitable for measuring

concentrations obtained after bolus injections of 5-FU (Windheuser,
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Sutter and Auen 1972; Cohen and Brennan 1973; Rao, Killion and Tanrikut
1974; Driessen, De Vos and Timmermans 1979). De Bruijn et al. (1983a;
1983b) and van den Berg et al. (1978) have reported the quantitation of
5-FU at concentrations of 10 to 100 ng/ml using electron capture
detection. In addition to improved sensitivity, these methods also
permit detection of the dihydrofluorouracil metabolite. Other workers
have described various gas-chromatographic mass spectrometry (GC~MS)
methods which are sensitive to 1 to 25 ng/ml and 80 ng/ml for 5~FU and
dihydrofluorouracil, respectively (Aubert et al. 1982b; Cano et al.
1979; Finn and Sadee 1975; Hillcoat et al. 1976).

During the past decade, the majority of published assays have
employed normal-phase, reversed-phése or ion-exchange high performance
liquid chromatographic (HPLC) techniques (Aubert et al. 1981; Buckpitt
and Boyd 1980; Christophidis et al. 1979; Cohen and Brown 1978;
DeGregorio et al. 1985; Hornbeck et al. 1981; Hsu and Marrs 1980;
MacMillan, Wolberg and Welling 1978; Peters et al. 1984; Quebbeman et
al. 1984; Sampson et al. 1982). These methods provide adequate
sensitivity (10 to 100 ng/ml), specificity and appear suitable for
quantitating 5~FU concentrations following any route of administration.

5'dFUR . Initial methods for determination of 5'dFUR in
biological fluids included thin-layer chromatography (Suzuki et al.
1980) and HPLC in conjunction with either labelled drugs (Armstrong and
Diasio 1980; Au et al. 1983) or ultraviolet (UV) detection (Sommadossi
and Cano 1981). The latter method was highly specific, however, the

simultaneous quantitation of 5-FU was not possible according to the
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investigators. In addition, its application to analysis of 5'dFUR in
urine was not demonstrated.

Gustavsson et al. (1983) reported a method for simultaneous
analysis of 5'dFUR and 5-FU in plasma. The procedure involved
deproteinization with picric acid followed by ion-exchange
chromatography and analytical isotachophoresis. The complexity of the
procedure and instrumentation required will probably result in the
method having limited utility.

More recently, Malet-Martino et al. (1984) described a
fluorine-19 NMR assay for measuring both compounds as well as major
metabolites in whole blood, plasma and urine. While this method has the
advantage of not requiring an extraction step, it is less sensitive (1.3
ug/ml) than reported HPLC procedures.

Based on these studies, an analytical procedure involving plasma
extraction and subsequent separation and quantitation using HPLC would
appear to be a reasonable approach to permit a thorough characterization

of 5'dFUR disposition in man.

Statement of the Problem

Because anticancer drugs such as 5-FU have a smaller therapeutic
index than other classes of drugs, predicting toxicity as a result of
dose or schedule alterations is particularly important. Despite nearly
three decades of basic research and clinical use, an understanding of
the pharmacokinetics and pharmacodynamics of 5-FU remains limited. As a
result, the selection of an optimal dose and schedule of administration

remains largely empirical.
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While the disposition kinetics of 5-FU have been characterized
as dose~dependent, detailed studies examining the nature of the
non-linearity with respect to elimination (renal and non-renal) and
distribution processes have not been reported.

Preliminary studies of a new 5-FU prodrug, 5'dFUR, suggest it
may provide selective activation in tumor tissues and thus, may have
advantages over 5-FU in the treatment of solid cancers. However, there
is only a cursory understanding of its pharmacokineties,

Consequently, the purposes of these investigations were
three-fold. First, it was necessary to develop a specific and sensitive
analytical method to quantitate 5'dFUR and its metabolite, 5-FU, in
human plasma and urine. The second purpose was to examine the
disposition kinetics of 5'dFUR and 5-FU in patients with advanced
colorectal carcinoma. In order to examine the non-linearity in
elimination and distribution processes, kinetic studies were performed
in two groups of patients, one group received two doses of 5'dFUR while
the other group received two doses of 5-FU. Third, it was essential to
examine the in vitro stability of both compounds in blood since the high
clearance values observed after intravenous infusions suggest the
potential for clearance by the lung or blood. These studies provide an
understanding of the dose-dependent pharmacokinetics of these compounds
and may potentially help in the rational design of treatment regimens

which minimize drug toxicity and maximize therapeutic effect.



CHAPTER 2

EXPERIMENTAL

Materials and Methods

Assay Methodology

Analytical standards and reagents . 5-FU, 5'dFUR, and other
metabolites were kindly supplied by Hoffmann-La Roche Ltd (Basel,
Switzerland) and used without further purification. 5-bromouracil
(5-BrU) was purchased from Sigma Chemical Co (St Louis, MO, USA) and
used as the internal standard (IS). Aqueous stock solutions (1 and 4
mg/ml of 5-FU and 5'dFUR; 200 ug/ml of 5-BrU) were prepared in silanized
glassware and stored at HOC. These solutions were stable for at
least four months. All other reagents were of analytical-reagent grade.
They included: methanol (HPLC grade, Fisher Scientific Co, Fair Lawn,
NJ, USA), ethyl acetate (Baker Analyzed Reagent, JT Baker Chemical Co,
Phillipsburg, NJ), isopropyl alcohol (HPLC grade, Waters Assoc, Inc,
Milford, MA, USA), orthophosphoric acid (BDH Chemicals, Ltd, Poole,
England), 50-100 mesh silica gel (Koch-Light Laboratories Ltd,
Colnbrook, England), and dimethyldichlorosilane (Fluka AG, Buchs,

Switzerland).
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HPLC instrumentation . The chromatographic system consisted of
a reciprocating piston pump (Model 6000A, Waters Assoc, Milford, MA,
USA), a syringe loading sample injector (Model U6K, Waters Assoc), and a
Spherisorb phenyl column (12.5 em x 4.9 mm ID, particle size 5 micron,
Hichrom House, Berkshire, England). All chromatography was performed at
30°C. The column effluent was monitored at 280 nm using a
selectable wavelength UV detector (Model 441, Waters Assoc). The output
from the detector was connected to a 10-mV potentiometric integrator
(Model 3380A, Hewlett Packard, Avondale, PA, USA) set at a chart speed
of 1 cm/min.,

The isocratic mobile phase was distilled water or 5mM
KHQPOu (pH 4.0) which was filtered through a 0.45 um Nylon 66
filter (Alltech Assoc, Inc, Deerfield, IL, USA), and degassed
ultrasonically under vacuum. The mobile phase was pumped at a flow-rate
of 1.5 ml/min (1,100 PSI) and not recycled.

Isolation procedures . All centrifuge tubes and cleanup columns
were silanized by placing them in a dessicator containing
dichlorodimethylsilane (DMCS). Following exposure to DMCS vapor for U
to 8 hr, the tubes were placed in a methanol dessicator overnight,
rinsed with water, and then dried at 110°C.

A flow diagram of the procedure for isolating 5'dFUR and 5-FU
from plasma is shown in Figure 4. Aliquots of plasma (0.5 ml) were
pipetted into 15 ml silanized, glass centrifuge tubes (Kimax, 16 x 100
mm, Kimble, Vineland, NJ, USA) fitted with teflon-lined screw caps.

After addition of internal standard (50 ul of a 4 ug/ml aqueous stock



Figure 4,

0.5 ml PLASMA
+
INTERNAL STANDARD (I.S.) IN WATER

+
50 ul of 3% PHOSPHORIC ACID
+
5.0 ml ETHYL ACETATE~ISOPROPANOL
(85:15)

Vortex
Centrifuge

l

SUPERNATANT

PRECIPITATE
DISCARD

Evaporate
45-50°¢

+ 200 ul
METHANOL-WATER
(5:95)

Vortex

COLUMN CHROMATOGRAPHY
(10 cm x 6 mm i.d., silica
gel, 50-100 mesh)

ELUTE WITH 4 ml
ETHYL ACETATE-METHANOL
(90:10)

Evaporate. 45-50°C

+ 100 ul WATER (Low Conc)
or 200 yl WATER (High Conc)

5=20 ul

[ ]

Flow diagram for isolating 5-FU and 5'dFUR from plasma.
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for the 50-1,000 ng/ml range; 50 ul of a 40 ug/ml aqueous stock for the
1-75 ug/ml range), 50 ul of 3% v/v aqueous orthophosphoric acid was
added to adjust the pH to approximately 5.5. The tubes were gently
shaken to ensure mixing and 5 ml of ethyl acetate~isopropyl alcohol
(85:15) was added, then vortexed for 30 s on a Vortex-Genie mixer (Model
K-550-GE, Scientific Industries Inc, Springfield, MA, USA). Following
centrifugation (Model HN, International Equipment Co, Needham Heights,
MA, USA) for 6 min to separate the phases, the entire organic layer was
pipetted into a silanized, conical glass centrifuge tube and evaporated
to dryness on an evaporator (N-EVAP, Organomation Assoc Inc,
Northborough, MA, USA) at 45-5000 under a gentle stream of nitrogen.

The dried residue was dissolved in 200 ul methanol-water (5:95),
vortexed for 30 s and then subjected to column chromatography (10 cm x 6
mm ID, silanized glass columns packed with 2.56 gm 50 to 100 mesh silica
gel). The gravity packed columns were rinsed with 10 ml of ethyl
acetate-methanol (90:10) and then the entire residue-mixture was placed
on the top of the column using a micropipet (Pipetman, Gilson France,
Villiers-le Bel, France). The column was eluted with 4 ml of ethyl
acetate-methanol (90:10) and the eluate fraction evaporated to dryness
as described above. The resulting residue was dissolved in 100 ul (low
concentration range) or 200 ul (high concentration range) deionized
water, vortexed for 30 s, and 5 to 20 ul injections were made into the

HPLC system,
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Whole bloocd samples were initially diluted with an equal volume
of distilled water and then vortexed at high speed for 15 s to hemolyze
the red blood cells. The resulting mixture was then subjected to the
same isolation procedure described for plasma.

Since drug concentrations in urine were much higher than those
found in plasma, dilution of urine samples was required. Consequently,
no interference from "normal" urinary constituents was observed and
thus, direct injection of the diluted urine samples was made into the
HPLC. Specifically, a 100 ul aliquot of a 1/100 dilution (5-FU) or
1/1,000 dilution (5'dFUR) of urine was pipetted into a silanized,
conical centrifuge tube (Kimax, 16 x 100 mm, Kimble, Vineland, NJ, USA).
Forty (5-FU assay) or 50 ul (5'dFUR assay) of a 4 ug/ml aqueous solution
of internal standard was added and the tube vortexed for 30 s to ensure
adequate mixing. A 5 to 20 ul volume of the resulting solution was
subsequently injected onto the HPLC column.

Calibration Curves and Data Analysis . Standard plasma
calibration curves of peak height ratio versus plasma concentration were
constructed using blank plasma from each patient to which increasing
quantities of both drugs were added to give concentrations in the range
of 1-1,000 ng/ml or 1-75 ug/ml. Similarly, urine calibration curves
were prepared by adding 5-FU, in concentrations of 0-250 ug/ml, or
5'dFUR, 0-10 mg/ml, to blank urine. Concentrations of 5-FU and 5'dFUR
were obtained from the peak height ratios and the regression equation of

the appropriate calibration curve.
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Accuracy and precision . The accuracy, within-day and

between-day reproducibility of the method were determined from repeated
injection experiments. Plasma containing both compounds at
concentrations of 50, 100, 400 and 1000 ng/ml for the low end standard
curve and 1, 5, 50 and 75 ug/ml for the high end standard curve were
prepared in triplicate and injected each day for three to four different
days. From these results, mean analytical recoveries, expressed as the
measured concentrations calculated as a percentage of the actual
concentrations, were used as estimates of accuracy. Precision was
estimated from the coefficients of variation (CV) around the measured
concentrations.

Selectiyity studies . Possible interferences from 5-FU
catabolites and anabolites were evaluated by injecting aqueous stock
solutions of each compound into the HPLC system.

Stability studies . Concentrations of 100 and 400 ng/ml 5-FU
and 5'dFUR were prepared by adding aqueous stock solutions containing
both compounds to a single total volume of 16 ml plasma. One~half ml
samples at each concentration were placed into separate, silanized glass
tubes and stored in a freezer at -20°C. Analyses were performed on
the day of preparation and after a maximum of ten months storage. On
each day of analysis, a standard curve in plasma was constructed and the
5-FU or 5'dFUR concentrations of the stored samples were determined by

comparing their peak height ratios with those of the standard curve.
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Pharmacokinetics of Fluoropyrimidines
in Colorectal Carcinoma Patients

Subjects . Twelve patients with primary colorectal carcinoma
and/or metastasis were studied. The patients ranged in age from 39 to
75 years and weighed between 48 and 98 kg. All patients were
ambulatory, in good health (Karnofsky Index > 60)(Karnofsky et al.
1948), and did not have functional liver impairment (total bilirubin >
20 umol/l, albumin < 30 g/l, and prothrombin index > 1.3). Eleven
patients had not received previous chemotherapy or radiotherapy. The
remaining patient (PW) had received 5-FU, but not during the month prior
to the kinetic investigations. A complete blood chemistry, urinalysis,
hematocrit and complete blood count with differential were performed in
each patient prior to the study. The study was approved by the Otago
Hospital Board Ethics Committee., Written consent to participate was
obtained from each patient after the purpose, protocol, and risks of the
investigation were fully explained. A copy of the consent form can be
found in Appendix A.

Study design . Each patient was randomly assigned to one of two
groups of six patients each. Patients in the first group received two,
single intravenous doses (2 g/m2 and 4 g/mz) of 5'dFUR on
separate days. Patients in the second group received two single
intravenous doses of 5-FU (7.5 mg/kg and 15 mg/kg) on different days.
The order in which the two dose levels were given was randomly allocated
(three subjects received the low dose first; the other three initially
received the high dose) to remove the possibility of an effect of

sequence of administration. Both doses were administered as a
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constant-rate infusion over 24 min using a Per'fusorR VI infusion
pump.

Drug Preparation . 5'dFUR was kindly supplied by Hoffmann-La
Roche in sterile vials containing either 1 g (Lot PT 3419 H 05 P0218) or
5 g (Lot PT 3429 H 02 BO614) of lyophilized pure substance. The
injection solution was prepared immediately before drug administration
by dissolving the contents of each vial (1 or 5 g) in 10 and 17 ml,
respectively, of sterile water for injection. To prepare the required
dose of either 2 or U4 g/m2, the dissolved contents of the required
nunmber of vials were combined with sterile water to give a final
infusion volume of 50 ml., Similarly, the required dose of 5-FU was
prepared by combining the required number of ampoules (Fluoro-Uracil,
Lot B 3214 MF D02, 250 mg/5 ml as the sodium salt) with enough sterile
water to give a final infusion volume of 50 ml. Five ml of the
resulting 5'dFUR or 5-FU solutions were used to fill the injection
tubing and an aliquot collected and frozen at -20°C until analyzed.
Doses of 5'dFUR were based upon the total body surface area which was
calculated using the equation described by DuBois and DuBois (1916).

The administered doses for each patient were determined by measuring the
concentration of drug in the infusion solution.

Blood and Urine Sampling . A cannula and three-way stopcock
were inserted in a forearm vein of each patient and venous blood samples
(5 or 10 ml) collected just prior to drug administration, at 5, 10, and
15 min during drug infusion, and at the following times after the end of

infusion: 0, 2, 5, 10, 20, 30, 45, 60, 90, 120, 150, 180, 210, 240, and
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300 min. The specimens were placed into heparinized tubes (Venoject)
and the plasma separated as soon as possible to minimize degradation of
5-FU at low concentrations in whole blood. All plasma samples were
stored frozen at -20%c until analyzed. The cannula and stopcock

were kept patent between sample collections by filling the apparatus
with one-half ml of a 17 U/ml solution of heparin in sterile saline. As
a result, the first 1 to 2 ml of blood collected at each designated time
point were discarded to prevent dilution of plasma samples.

A pre-infusion urine sample and all urine passed during the
blood collection period was collected as a bulk sample. The volume of
each sample was measured and an aliquot of the sample stored frozen at
-20°¢.

Data Analysis . Plasma concentration-time data were analyzed
separately for each patient after each dose by a "model-independent"”
method (Yamaoka, Nakagawa and Uno 1978; Benet and Galeazzi 1979; Perrier
and Mayersohn 1982). Total body clearance (ClT), terminal

disposition half-life (t ), apparent volume of distribution during

1/2
the post-distributive phase (Vﬁ ), steady-state volume of distribution

(Vss), and mean residence time (MRT), were estimated from the following

equations:
D.
Cl,, = — v (1)
T AUC,
v
N - 0.693 (2)
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Ccl
g 8
AUMC T
MRT = - ()
AUC, 2
iv
Vss = ClT + MRT (5)

where Div is the intravenous dose, g is the terminal disposition
rate constant, AUCiv is the total area under the plasma
concentration~time curve from the start of infusion to time infinity,
AUMC is the total area (i.e., time zero to time infinity) under the
first moment of the plasma concentration-time curve, and T is the
infusion time.

The concentrations of 5'dFUR and 5-FU were plotted on
semilogarithmic paper and the slope of the terminal log-linear phase
estimated using linear regression. This slope is equal to minus beta
divided by 2.303 (-8 / 2.303). The Auc, ~was calculated in two
steps. First, the area under the curve from time zero to the first data
point in the terminal log-linear phase was calculated by using the
linear trapezoidal rule. Second, the area under the curve from this
first data point to time infinity was obtained by dividing the
theoretical concentration at that point (i.e., the concentration
predicted from the terminal linear regression equation) by g . The sum
of these two areas is AUCiv. The AUMC was calculated using a
similar approach. However, the area under the first moment curve from

the initial post-distributive time point to time infinity (AUMC):,
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was estimated by the following equation:

. tx ¢ c
(e, = G (6)
B B?

where Ct* is the regression predicted initial concentration in the
post-distributive phase, t* is the corresponding time for Ct*’ and
is as previously defined.

In addition, renal clearance of unchanged drug, Clr’ was
calculated by multiplying the percent of dose excreted unchanged by the
total body clearance. This calculation assumes that excretion was
complete during the 5 1/2 hr collection period, Non-renal clearance,
Cl__, was calculated by the relationship:

nr

Clnr = ClT - Clr

All group results are expressed as mean + standard deviation.
The pharmacokinetic parameters were tested for statistically significant
differences between the two dose levels by performing a modified
Wilcoxon rank sum test for paired data (Lam and Longnecker 1983). A p
value of 0.05 or less was considered to be statistically significant.
Determination of Blood/Plasma Ratio and
Stability of 5~FU and 5'dFUR in Whole Blood

The whole blood/plasma ratio and stability of 5-FU and 5'dFUR at

37o were determined in blood from normal volunteers and in five

patients with advanced colorectal carcinoma.



36

Normal volunteers . Whole blood from two healthy male
volunteers was collected immediately before use into heparinized glass
tubes (Venoject, Terumo, Green Stopper, 90 USP units sodium heparin)
with stoppers not containing displacing agents and subsequently pooled.
The hematocerit of this initial whole blood pool was measured in
triplicate using a microcentrifuge technique (International IEC
Micro-Capillary Centrifuge, Model M3, International Equipment Co.,
Needham Heights, MA, USA). 1Initial studies were conducted to determine
the stability and time course to blood/plasma ratio equilibrium with
this system. Preliminary studies demonstrated that blood/plasma ratios
for 5-FU reached equilibrium after 2 hr while Y4 hr were required for
5'dFUR. Following a 30-min temperature equilibrium period, 30 ml
aliquots of whole blood or plasma were spiked with aqueous stock
solutions of 5-FU or 5'dFUR. Each compound was studied at an initial
concentration of 5 ug/ml. After being spiked, blood or plasma samples
were gently mixed by hand for 10 s and then divided as rapidly as
possible into 6-ml aliquots which were placed in silanized glass tubes
(Kimax, 75 x 13 mm, Kimble, Vineland, NJ, U.S.A.) fitted with
teflon-lined screw caps. The tubes were placed on a rotating mixer (BSR
Model M100 Rotator, Chiltern Scientific, Wilton Instruments, Lower Hutt,
New Zealand) and slowly rotated at 16 rpm in a thermostatically
controlled room maintained at 37°C. Tubes were withdrawn at 1, 2, 4
and 6 hr and three 0.5 ml whole blood or plasma aliquots were removed
for immediate extraction and HPLC analysis. The remainder of the whole

blood was immediately centrifuged (International Model HN Centrifuge,
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International Equipment Co, Needham Heights, MA, USA) at high speed
(2700 rpm) for 6 min and three 0.5 ml aliquots of the resulting plasma
frozen at -20°C until analyzed (within 48 hr). Blood/plasma ratios
were determined at each time point by dividing the mean concentration
found in the blood by the mean concentration found in the plasma. In
order to determine whether degradation or blood/plasma ratios were
concentration dependent, both drugs were also studied at initial
concentrations of 0.5, 50 and 200 ug/ml.

Patients with advanced colorectal carcinoma . The blood/plasma
ratio and stability of 5-FU and 5'dFUR at 37°C was determined in
five patients with metastasis from colorectal carcinoma. Thirty ml
whole blood obtained prior to scheduled fluoropyrimidine administration
was collected in an identical manner as described above. In contrast
to the studies in nofmal volunteers, blood volumes were insufficient to
permit determination of blood/plasma ratios and stability at more than
one concentration and two time points for each drug. As a result, whole
blood samples initially containing 5 ug/ml 5-FU or 5'dFUR were incubated
at 37°C and samples removed and analyzed at 2 and 6 hr. These times
were chosen based on the achievement of relatively linear
semilogarithmic percent initial 5-FU or 5'dFUR whole blood concentration

versus time plots in the preliminary studies.



CHAPTER 3

RESULTS

Assay Methodology

The development of a specific and sensitive analytical procedure
for simultaneously quantitating concentrations of 5'dFUR and 5-FU in
plasma was necessary to characterize their disposition kinetics in
colorectal carcinoma patients. The procedure involved sclvent
extraction using ethyl acetate-isopropyl alcohol (85:15) followed by
silica gel column chromatography to separate these compounds from
constituents normally occurring in plasma. Subsequent analysis by
reversed-phase HPLC was performed on a phenyl column using an aqueous
mobile phase with ultraviolet detection (280 nm).

Extraction and Isolation Procedure . 5-BrU was chosen as the
internal standard because of its similarity in structure, maximum
absorption wavelength, and percentage recovery when compared to 5-FU.
In addition, 5-BrU is not used as a therapeutic agent and is not a
catabolite or anabolite of either 5-FU or 5'dFUR,

The performance of the extraction and isolation procedure was
dependent on the nature of the extracting solvent mixture, extraction
pH, and inclusion of the additional silica column isolation step. The
physical recovery of 5~FU and 5'dFUR was determined by comparing the
peak heights measured from the final extracts of plasma containing known
amounts (100 ng/ml) of both compounds with the peak heights measured

38



39

from unextracted aqueous solutions supplemented with known amounts of
5-FU and 5'dFUR. Recoveries of 5-FU and 5'dFUR determined in this
manner using ethyl acetate-isopropyl alcohol (85:15) were found to be
approximately 66% and 61%, respectively. Less satisfactory recoveries
were found when ethyl acetate, ether, chloroform, pentane, or lower
percentages of isopropyl alcohol in ethyl acetate were used.

Since the pKa's of these acidic compounds are approximately 8
(Davern 1969; Martino et al. 1985), an extraction pH of approximately
5.5 was chosen to ensure that they would exist in the unionized form.
Extraction at lower pH values (pH 2 or pH U4) did not alter the
extraction efficiency of 5-FU or 5'dFUR, but chromatograms of blank
plasma resulted in additional peaks which interfered with 5-FU. 1In
addition, these chromatograms demonstrated late peaks with retention
times greater than 10 min., While these peaks did not directly interfere
with analysis, they did prolong the time between injections,

Typical chromatograms of extracts from blank human plasma and
plasma spiked with known amounts of 5-FU and 5'dFUR are shown in Figure
5. While a small peak still eluted just before 5-FU, it did not
interfere with the quantitation of 5-FU. Chromatograms using the
additional silica column cleanup procedure were cleaner than those
obtained by using solvent extraction alone.

The optimal quantity of silica gel for purifying 0.5 ml of
plasma was approximately 2.6 grams. Smaller amounts resulted in high
blank readings while larger amounts did not result in "cleaner"

chromatograms. Similarly, 4 ml of ethyl acetate-methanol (90:10)
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provided good recoveries of all compounds from the silica column. The
use of larger volumes resulted in higher quantities of interfering
substances.

Silica gel purchased from different sources démonstrated
different blank readings. This was apparently due to polar contaminants
in the silica gel since pre-washing with methanol generally produced
clean traces. However, with certain lots, use of 5 mM potassium
dihydrogen phosphate, adjusted to pH U4, was required to separate unknown
peaks from the compounds of interest. In addition, use of silica gel
which had been "activated®™ by heating at 110°C introduced
interfering peaks. Therefore, unactivated silica gel was used for all
analytical procedures.

The sample preparation and chromatography present many
opportunities for selective loss of 5'dFUR and 5-FU. To avoid
adsorption of 5-FU to glass (Driessen, de Vos and Timmermans 1978), all
glassware was silanized as described previously. Similarly, the
temperature used for evaporation was maintained at MB-SOOC since
temperatures greater than 60°C resulted in losses of up to 25% while
temperatures less than MOOC were not sufficient to permit acceptable
evaporation times.

Typical chromatograms from blank human urine and urine spiked
with known concentrations of 5-FU and 5'dFUR are shown in Figure 6.
Direct injection of diluted urine samples did not result in column

deterioration.
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Chromatographic Behavior . The pH and ionic¢c strength of the
mobile phase had a profound effect on the resolution of 5-FU, 5'dFUR and
internal standard from unknown plasma components. In general, as pH was
lowered below 3 or ionic strength increased, the retention times of the
three compounds were unaltered but blank chromatograms demonstrated
peaks which could not be resolved from 5-FU. In contrast, when the pH
of phosphate buffer was greater than 6.5, resolution was improved but
column performance deteriorated rapidly. This may be related to
precipitation of a plasma component in the column since flushing with
0.06% v/v phosphoric acid (pH 2.3) and methanol restored column
performance.

The Spherisorb phenyl (12.5 cm x 4.9 mm ID) column was chosen
because it allowed adequate resolution of both 5'dFUR and 5-FU and
provided optimal sensitivity since all peaks were eluted within Y4 min.
Other reversed-phase columns (C8 and C18) were tried but resulted in
decreased sensitivity for 5'dFUR and longer assay times (20 min or
longer per sample).

Linearity and Precision . The standard curves for both
compounds in plasma were linear over the concentration ranges studied,
50-1000 ng/ml and 1-75 ug/ml (R°>0.990). As a measure of
reproducibility, the within-day coefficients of variation, based on
triplicate determinations, were less than 10% for both compounds at all
concentrations. The between-day variation was calculated by performing
triplicate analyses of plasma samples on three to four different days.

This was done in samples containing both compounds at three or four
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concentrations. A summary of these results are presented in Table III.
Between-day coefficient of variation values were all less than 10%
except for the 100 ng/ml concentration of 5-FU for which there was no
apparent explanation. Mean analytical recovery (accuracy), expressed as
the ratio of compound added to that measured, was 100% (+ 3.1%) for 5-FU
and 102% (+ 3.7%) for 5'dFUR.

Similarly, standard curves for 5-FU and 5'dFUR in urine over the
range of 50 to 250 ug/ml and 1 to 10 mg/ml, respectively, exhibited good
linearity (R2>0.998). Within~day coefficients of variation were
less than 4% for both compounds. Between-day variation was determined
by analyzing triplicate samples on three different days (Table IV). All
coefficient of variation values were less than 3%. Mean analytical
recovery (accuracy) for urine samples was 100% (+ 0.5%) for 5-FU and
100% (+ 0.4%) for 5'dFUR, respectively.

Sensitiyity . Using a signal-to-noise ratio of three, the
minimum detectable quantity on the column was 0.6 ng for 5-FU and 1.6 ng
for 5'dFUR. By injecting 20 ul of the 100 ul reconstituted plasma
extract at a sensitivity setting of 0.005 AUFS, both compounds could be
quantitated with acceptable accuracy and precision at concentrations of
50 ng/ml in 0.5 ml of plasma.

Specificity . The maximum UV absorbance of 5-FU, 5'dFUR (see
Figure 7), and IS occurred at 266 nm, 270 nm, and 276 nm, respectively.
Consequently, the chosen wavelength of 280 nm was near the maximum for

all three compounds.



Table III, Between-day variability of plasma assay.

Concentration Mean Coefficient of
Added Concentration n® Variation (%)
Measured
5-FU
50.0 ng/ml 53.9 ng/ml (108%)° 4 3.7
100 ng/ml 107 ng/ml (107%) &4 13.5
400 ng/ml 401 ng/ml (100%) & 4.3
1000 ng/ml 1012  ng/ml (101%) &4 1.9
1.00 ug/ml 0.99 ug/ml ( 99%) 3 4.y
5.00 ug/ml 4,98 ug/ml (100%) 3 2.0
50.0 ug/ml 49,6 ug/ml ( 99%) 3 1.7
5'dFUR
50.0 ng/ml 50.1 ng/ml (100%) 4 9.6
100 ng/ml 98.4 ng/ml ( 98%) & 8.7
40 ng/mi 389 ng/ml ( 97%) & 6.3
1000 ng/ml 954 ng/ml ( 95%) &4 3.3
1.00 ug/ml 1.05 ug/ml (105%) 3 0.9
5.00 ug/ml 5.01 ug/ml (100%) 3 4.8
50.0 ug/ml 50.8 ug/ml (102%) 3 2.2
75.0 ug/ml 77.0 ug/ml (103%) 3 4.y

a n = number of days on which samples were analyzed.
b Percent of added concentration.



Table IV. Between-day variability of urine assay.

Concentration Mean a Coefficient of
Added Concentration n Variation (%)
Measured

5-FU (ug/ml)

50.0 49.5 ( 99%)® 3 1.6
100 99.4 ( 99%) 3 2.2
250 250 (100%) 3 0.7

5'dFUR (mg/ml)
1.00 1.00 (100%) 3 0.9
2.00 2.01 (101%) 3 0.7
10.0 9.99 (100%) 3 0.7

a n = number of days on which samples were analyzed.
b  Percent of added concentration.
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No interference was seen for the 5-FU anabolites, 5-fluorouridine and
5-fluoro-2'-deoxyuridine, or for the catabolic metabolite, a-fluoro- -
alanine. The inactive metabolite, 5,6-dihydrofluorouracil, was not
detected using the present method since a pure sample of this compound
in water does not demonstrate any UV absorbance at 280 nm (Figure 7).
Plasma stability . Analysis of plasma samples stored at
-20°C for up to ten months demonstrated no significant stability
problems for either compound. At seven months, the 100 ng/ml samples
yielded concentrations of 95.5 + 3.3 ng/ml and 94.1 + 4.6 ng/ml for 5-FU
and 5'dFUR, respectively. Similarly, at ten months, the 400 ng/ml
samples demonstrated concentrations of 381.8 + 21.1 ng/ml for 5-FU and
387.2 + 26 ng/ml for 5'dFUR. All patient samples were assayed within 6
months of collection.

Pharmacokinetics of Fluoropyrimidines
in Colorectal Carcinoma Patients

Tables V and VI summarize the clinical characteristics of the
patients receiving 5-FU and 5'dFUR, respectively. Sex, age, weight,
body surface area (BSA), site of primary colorectal carcinoma, location
of metastasis, and Karnofsky Index are listed. In addition, Tables VIT
and VIIY summarize the prestudy biochemical and hematological data for
both groups of patients. Included in these Tables are prestudy
hematocrit (Het), total serum bilirubin (total bili), total serum
protein, alkaline phosphatase (alk phos), serum albumin, aspartate
transaminase (AST), alanine transaminase (ALT), prothrombin index (PI),

serum creatinine (SCr), urea, white blood cell count (WBC), and platelet



Table V. Patient characteristics: 5-FU patients.

Subject Sex Age Weight Site of Location Karnofsky
(yr) (kg) Colorectal of Index

Carcinoma Metastasis (%)

CF M 64 72.0 Sigmoid Liver 80
Colon

PW M 40 71.6 Sigmoid Pelvis 100
Colon

LM M 58 74.5 Rectum Liver 80

Jc M 46 82.4 Sigmoid Liver 100
Colon

WW F 59 63.5 Sigmoid Liver and 70
Colon Pelvis

JH F 52 48.6 Rectum Liver 100

6t



Table VI.

Patient characteristics: 5'dFUR patients.

Subject Sex Age Weight BSA? Site of Location Karnofsky
(yr) (kg) (m?) Colorectal of Index
Carcinoma Metastasis (%)
LS 50 48.9 1.52 Sigmoid Liver 100
- Colon
NM 60 77.5 1.87 Sigmoid Pelvis 90
Colon
AM 62 71.0 1.86 Sigmoid Anterior 80
Colon Abdominal
Wall
RA y2 97.7 2.21 Rectum Liver 100
GW 39 72.0 1.85 Transverse Liver 70
Colon
MS 75 63.0 1.65 Transverse Liver 100
Colon
a Body surface area.

-
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Table VII. Biochemical and hematological data: 5-FU patients.?

Patient Heot Total Total Alk Albumin AST ALT PI SCr Urea WBC P1t
Bili Protein Phos

CF  0.38 9 66 mo 36 b 4 1.3 82 2.2 10.4 175
PH 047 11 69 102 15 60 b 1.1 110 5.6 6.0 299
M 0.31 8 69 920 31 38 31 1.3 81 7.7 1.6 430
JC 0.6 17 71 574 35 b 9% 1.0 88 5.3 8.4 b

WW 0.39 14 75 200 41 b 25 1.2 81 42 9.1 352
JH 0.33 9 76 136 53 20 b 1.0 100 5.0 5.3 366

a Normal values:

Het = hematocrit (0.40-0.5%) ALT = alanine transaminase (8-40 U/1)

Total bili = total bilirubin (2-13 umol/l) PI = prothrombin index (1.0)

Total protein (60-80 g/1) SCr = serum creatinine (50-100 umol/l1)

Alk Phos = alkaline phosphatase (30-90 U/1) Urea (2.5-6.8 mmol/1)

Albumin (30-50 g/1) WBC = white cell count (4.0-11.0 x 10 /1)
= platelet count (120-350 x 10 /1)

AST = aspartate transaminase (8-35 U/1) Pit

b  Laboratory test not performed.

LS



Table VIII. Biochemical and hematological data: S5'dFUR patients.a

Patient Het Total Total Alk Albumin AST ALT Pl SCr Urea WBC Plt
Bili Protein Phos

MS 0.37 4 78 115 56 19 24 1.0 82 5.2 10.4 344
GW 0.33 10 66 705 26 147 99 1.2 48 2.7 13.4 603
RA 0.46 6 17 §2 iy b 136 b 91 4.6 6.3 163
AM 0.40 9 72 150 37 33 21 1.0 112 7.1 7.3 518
NM 0.1 10 73 55 43 b 16 1.0 66 6.0 8.4 301
LS 0.%0 7 72 156 43 b 35 1.0 73 5.1 7.0 236

a Normal values:

Het = hematoerit (0.80-0.54) ALT = alanine transaminase (8-30 U/1)
Total bili = total bilirubin (2-14 umol/1) PI = prothrombin index (1.0)

Total protein (60-80 g/1) SCr = serum creatinine (50-100 umol/1)
Alk Phos = alkaline phosphatase (30-90 U/1) Urea (2.5-6.8 mmol/1)

Albumin (30-50 g/1) WBC = white cell count (4.0-11.0 x 10 /1)

AST = aspartate transaminase (8-35 U/1) Plt = platelet count (120-350 x 10 /1)

b Laboratory test not performed.
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Table X. Summary of 5-FU clearance data.

Clearance (L/min)
Patient Dose CIT 01r CInr
CF Low 1.61 0.08 (4.8%)2 1.53
High 1.10 0.09 (8.1%) 1.01
PW Low 2.57 0.08 (3.0%) 2.49
High 1.48 0.07 (5.1%) 1.36
LM Low 2.92 0.08 (2.6%) 2.84
High 2.87 0.06 (2.0%) 2.81
JC Low 2.59 0.16 (6.1%) 2.43
High 1.43 0.13 (9.1%) 1.30
W Low 2.07 0.05 (2.6%) 2.01
High 1.12 0.06 (5.2%) 1.06
JH Low 2.02 0.06 (2.8%) 2.00
High 0.94 0.04 (3.8%) 0.91
MEAN * S.D.
LOW DOSE 2.30 0.80 (3.6%) 2.21
*0.48 *0.04 (+1.5) ' +0.47
HIGH DOSE 1.48 0.07 (5.5%) 1.41
+0.71 +0.03 (x2.7) +0.71
b e b

a Percent of dose excreted in urine.

b Statistically significant, low versus high dose,

c Not statistically significant, low versus high
dose,
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pattern, the mean total body clearance after the 15 mg/kg dose was
significantly lower than observed after the 7.5 mg/kg dose (1.48 + 0.T1
L/min and 2.30 + 0.48 L/min, respectively).

The fraction of the 5-FU dose excreted unchanged in the urine
was generally less than 5% (Table X). This fraction increased as dose
increased. However, renal clearance (values generally less than normal
glomerular filtration rate, 100 ml/min) was independent of dose. Since

there was a significant decrease in Cl,, and no change in Clr’

T
non-renal clearance was also dose-dependent, as would be expected. The
mean value for this parameter decreased by 36% as the dose was increased
from 7.5 to 15 mg/kg (p < 0.05), a change almost identical to that
observed for ClT. In addition to the observed dose-dependency, the
non-renal clearance values for most patients approached (high dose) or
exceeded (low dose) normal liver blood flow (1.53 L/min) (Bradley,
Ingelfinger and Bradley, 1952).

Mean residence time, the average time a drug molecule resides in
the body after an intravenous bolus dose, was significantly longer for
the high dose (18.7 + 7.8 versus 6.1 + 1.5 min). This finding suggests
nonlinear pharmacokinetics and is, therefore, consistent with the
observed dose-~dependency in Clnr'

The average value of VB, the apparent volume of distribution in
the elimination phase, for the high dose (36.3 + 39.0 L) was
approximately 1.7-fold higher than the low dose value (21.4 + 6.5 L).

This trend primarily reflects the dramatic increase in Vﬁ with dose

observed in patient LM, and therefore, was not statistically
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significant. 1In contrast, the mean value of the volume of distribution
at steady-state, Vss, was significantly larger for the high dose (31.0 +
30.0 L) than for the low dose (13.5 + 2.7 L). Exclusion of the values
for patient LM in data analysis did not alter the statistical
interpretation.

The net result of these changes in elimination and distribution
with dose was a significant increase in the harmonic mean half-life from
6.2 + 1.3 min following the low dose to 12.3 + 4.7 min after high dose

administration.

5'dFUR Pharmacokinetics

5'dFUR and 5-FU plasma concentration-time data obtained for both
5'dFUR doses are presented in Figure 9 for a representative patient
(LS). Following cessation of the 24-minute infusion, 5'dFUR plasma
concentrations declined rapidly in all patients with terminal half-lives
ranging from 16.1 to 27.7 min (see Table XI). 1In five patients, a short
distribution phase (10 to 20 min) was followed by a terminal log-linear
decline. In one patient (MS) the kinetiecs of the parent drug following
both doses showed a convex log plasma concentration-time curve
consistent with a nonlinear or saturable elimination process (Figure
10).

Formation of the metabolite 5~FU from 5'dFUR was rapid in all
patients with concentrations greater than 1 ug/ml in the first sample
drawn 5 min after the start of the infusion. Peak concentrations
occurred at the same time or slightly later than the corresponding peak

5'dFUR levels and then declined in parallel to unchanged drug with






Table XI. Summary of 5'dFUR pharmacokinetic parameters.

Patient Dose [} t5 AUCiv CIT Vﬂ Vss MRT
(g) (g/n?) (e1n™")  (min) (mg win/L) {L/min) (L) (L) (min)
LS 3.06 2.02 0.0388 17.9 4468.4 0.69 17.7 13.7 19.
6.18 8,06 0.0361 19.2 10407.5 0.59 16.8 17.0 28.6
NM 3.59 1.93 0.0308 22.5 3359.7 1.07 34.7 29.5 27.6
7.38 3.96 0.0302 22.9 9873.1 0.75 24,7  23.1 30.9
AM 3.72 2.00 0.0260 26.6 5214.5 0.71% 27.4 16.5 23.1
T.62 5.06 0.0250 27.7 13193.4 0.58 23.1 17.8 30.8
RA h .28 1.94 0.0320 21.7 5135.6 0.83 26.1 21.6 25.9
8.51 3.85 0.0270 25.7 10088.9 0.84 31.2 30.8 36.1
GN .19 2.27 0.0387 17.9 2548 .7 1.65 32.6 21.7 13.2
7.56 h.09 0.0400 17.3 8878.4% 0.85 21.3  17.7 20.7
MS 3.36 2.04 0.0431 16.1 5933.1 0.57 13.1 15.8 27.9
T.10 §.10 0.0295 23.5 21139.8 0.3% 11.4 16.5 59.1
MEAN + S.D.
LOW DOSE  3.70 2.03 0.03%9  19.9° yh42.7 0.92 26,9 19.8  22.9
10,47 *0.12 +0,0063 3.6 $1270.7 '0.39 '10.8 5.7 '5.6
HIGH DOSE 7.39 4,02 0.0313 22.17  12263.5 0.66 21.4 20.% 32.7
0.76 *0.10 +0.0057 .1 '4582.6 40.20 '6.8 ‘5.4 '9.5
b b c d b b d
a Harmonic mean * pseudo stendard deviation (Lam, Hung and Perrier 1985).
b Not statistically significant.
¢ Dose normalized; statistically significant, low veraus high dose.
d Statistically significant, low versus high dose,

09
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half-lives between 16.5 and 25.3 min (see Table XII).

The 5'dFUR pharmacokinetic parameters calculated for each
patient following the low and high dose 5'dFUR infusions are presented
in Tables XI and XIII. In addition to individual patient data, mean
values for these parameters at the two dose levels are summarized at the
bottom of these tables. Statistical differences in these parameters
using a nonparametric test for paired data are also listed within these
tables.

A disproportionate increase in AUCiv was observed as the
dose was increased from 2 to Y g/mz. As a result, the total body
clearance (ClT) of 5'dFUR also demonstrated dose-dependency (p<
0.05) with mean values of 0.92 + 0.40 L/min and 0.66 + 0.20 L/min for
the low and high dose, respectively. In addition, mean residence time
was dose-dependent with values of 22.9 + 5.6 min following the 2
g/m2 dose and 32.7 + 9.5 min following the 4 g/m2 dose. The
average values of Vﬁ and Vss, the apparent volumes of distribution in
the elimination phase and at steady-state, respectively, were 26.9 +
10.8 L and 19.8 + 5.7 L after the low dose and were not significantly
different following high dose administration (21.4 + 6.8 and 20.4 + 5.4
1). The harmonic mean half-life of 5'dFUR which is a function of both
the apparent volume of distribution and clearance, was 19.9 + 3.6 min
following the low dose and 22.1 + 4.1 min after the high dose. These
differences were not statistically significant.

The fraction of the 5'dFUR dose excreted unchanged in the urine

(Table XIII) was variable, ranging from 22 to 53%. In addition, this



Table XII. Pharmacokinetic Parameters For 5-FU
After 5'dFUR Administration

Apparent (AUC)FU
Patient Dose Half-life

(min) (ug min/ml)

LS Low 16.5 253.1

High 19.8 499.5

NM Low 17.5 164.9

High 22.4 515.3

AM Low 20.9 195.0

High 25.3 574.8

RA Low 1.3 367.4

High 22.1 754.4

GW Low 17.0 557.0

High 19.7 1027.3

MS Low 18.6 281.6

High 22.9 1533.7

MEAN * S.D

LOW DOSE 18.52 303.2

+2.0 +143,1

HIGH DOSE 21.9% 817.5

+2.1 +403.,1

b c

a Expressed as harmonic mean + pseudo standard
deviation.

b Not statistically significant, low versus high dose.

¢ p < 0.06 based on dose normalized (AUC)FU values.



Table XIII. Summary of 5'dFUR clearance data.

Clearance  (L/min)

Patient Dose Cl Cl Cl
T r nr
LS Low 0.69 0.24 (35.1%)°2 0.45
High 0.59 0.22 (37.4%) 0.37
NM Low 1.07 0.48 (u4.5%) 0.59
High 0.75 0.38 (50.6%) 0.37
AM Low 0.71 0.20 (27.8%) 0.51
High 0.58 0.17 (28.6%) 0.41
RA Low 0.83 0.40 (47.4%) 0.4y
High 0.84 0.45 (53.2%) 0.39
GW Low 1.65 0.46 (27.7%) 1.19
High 0.85 0.41 (48.1%) 0.44
MS Low 0.57 0.12 (21.9%) 0.4y
High 0.34 0.13 (39.2%) 0.20
MEAN * S.D.
LOW DOSE 0.92 0.32 (34.1%) 0.60
+0.39 +0.15 (+10.2%) +0.29
HIGH DOSE 0.66 0.29 (42.9%) 0.37
+0.20 +0.14 (29.4%) +0.08
b c b

a  Percent of dose excreted in urine.

b  Statistically significant, low versus high dose.

¢ Not statistically significant, low versus high
dose.
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fraction increased from a mean of 34.1 + 10.2% to 42.9 + 9.4% as the
dose was increased. Renal clearance exceeded normal glomerular
filtration rate, but was independent of dose (Table XIII). Conversely,
non-renal clearance (Table XIII), which represents elimination of the
drug by all routes other than the urine, was 0.60 + 0.29 L/min and 0.37
+ 0.08 L/min for the 2 g and 4 g/m2 doses, respectively. This
dose~dependent decrease in non-renal clearance was statistically
significant.

Because the fraction of the 5'dFUR dose converted to the
metabolite, 5-FU, is not known, calculation of 5-FU clearance and volume
of distribution could not be performed. However, the apparent
elimination half-life and area under the plasma concentration~time curve
for the derived metabolite were calculated for each patient and
presented in Table XII. The apparent mean harmonic half-life for
derived 5-FU was 18.5 + 2.0 min following the 2 g/m2 5'dFUR dose and
21.9 + 2.1 min following the U g/m2 dose. This alteration in
apparent half-life was not statistically significant. In contrast, the
2-fold increase in 5'dFUR dose resulted in a 2.7-fold increase in the
mean area under the curve for 5-FU. A comparison of the dose-normalized
(i.e., (AUC)FU divided by 5'dFUR dose) 5-FU area under the curve was

not significantly different (p < 0.06).
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Blood/Plasma Ratios and Stability in Whole Blood

The whole blood/plasma concentration ratio of 5-FU and 5'dFUR
was determined at 37°C using blood from normal volunteers. The
results of initial studies designed to determine the time course to
equilibrium indicated that equilibrium was achieved after 2 hr and 4 hr
for 5-FU and 5'dFUR, respectively. All subsequent blood/plasma ratio
determinations were performed in samples rotated for at least this
period of time.

In further studies, degradation of both compounds was observed
in whole blood but not in plasma (Figure 11 and 12). Although the
specific mechanism of degradation was not ascertained, the results
presented in Figure 13 and 14 suggest that it is a saturable process.
The 5-FU disappearance half-lives were estimated to be 48 and 366 min
when the initial concentrations were 0.5 and 5.0 ug/ml, respectively.
Degradation of 5'dFUR in whole blood was less rapid with estimated
half-lives of 381, 397, and 585 min when the initial concentrations were
0.5, 5.0 and 200 ug/ml, respectively. However, blood/plasma ratios for
both compounds were concentration-independent (Table XIV).

The practical limitations of collecting large volumes of blood
on multiple occasions from patients with advanced colorectal carcinoma
necessitated that estimates of stability in blood and blood/plasma ratio
be determined using a minimal number of time points. The results of
studies performed in five patients are shown in Table XV. Blood/plasma
ratios were calculated from the measured mean blood and plasma

concentrations obtained after incubating each drug (5 ug/ml) in whole
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Figure 11.
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Semilog plot of concentrationg (mean * S.D.; n=3)
observed after incubation (37°C) of 5-FU (5 ug/ml)
in human whole blood (O) or plasma (O).
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Figure 12. Semilog plot of coneentrationg (mean * S.D.; n=3)
observed after incubation (37 C) of 5'dFUR (5 ug/ml)
in human whole blood (0O) or plasma (O).
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PERCENT OF INITIAL 5-FU CONCENTRATION

101 ! 1 | ! ! l
0 ] 2 3 4 5 §

INCUBATION TIME (HRS)

Figure 13. Stability of 5-~FU following incubation (37°C) in
human whole blood (mean + S.D.; n=3). Initial
5-FU concentrations were 0.5 (O), 5 (O) and
50 ug/ml (&),



PERCENT OF INITIAL 5°dFUR CONCENTRATION

Figure 14.
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Stability of 5'dFUR following incubation (37°C) in
human whole blood (mean * S.D.; n=3). Initial
5'dFUR concentrations were 0.5 (O), 5 (O) and

50 ug/ml (A).



Table XIV. Partitioning of 5'dFUR and 5-FU
in human whole blood.

Drug Initial

Blood B/P ratio®
Concentration
(ug/ml)
5-FU 0.5 1.00
5.0 0.99
50.0 1.10
200.0 0.93
5'dFUR 0.5 0.84
5.0 0.94
50.0 1.15
200.0 0.92

a Ratio of mean concentration in whole
blood to mean concentration in plasma.
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Table XV. Partitioning and whole blood stability of
5-FU and 5'dFUR in patients with colorectal

carcinoma.
. b
Disappearance
Patient Drug Hematocrit B/P Half-life
Ratio® (min)
AM 5-FU 0.38 1.09 258
5'dFUR 0.94 289
GT 5-FU 0.35 1.16 402
5'dFUR 1.02 389
JC 5-FU 0.43 1.16 302
5'dFUR 0.93 322
WW 5-FU 0.37 1.1 289
5'dFUR 0.98 391
LS 5-FU 0.49 0.95 200
5'dFUR 0.96 216
MEAN 5-FU 0.40 1.09 276°
+ S.D. +0.06 +0.09 +72
5'dFUR 0.97 306°
+0.04 +85

a Ratio of drug concentration ir blocod to concentration
in plasma.

b Half-life of drug disappearance in whole blood at 37°C .

¢ Harmonic mean + pseudo standard deviation.
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blood for 6 hr. The mean blood/plasma ratio was 1.09 + 0.09 and 0.97 +
0.04 for 5-FU and 5'dFUR, respectively. As a measure of whole blood

)

stability, the in vitro disappearance rate constant (kdisappearance
was calculated from the blood concentrations measured after 2 and 6 hr
of incubation. The resulting values correspond to harmonic mean
disappearance half-lives of 276 * 72 and 306 * 85 min, respectively.

These values were similar to those observed in whole blood from normal

volunteers.



CHAPTER 4

DISCUSSION

Previous methods for quantitating 5-FU using high-performance
liquid chromatography with ultraviolet detection have demonstrated
excellent specificity and sensitivity. Up to now, most HPLC methods for
the determination of the 5-FU prodrug, 5'dFUR, have required labelled
compounds (isotopic methods) or have not allowed simultaneous
quantitation of its metabolite 5-FU. Au et al. (1982) reported a
reversed-phase ion-pair HPLC method which provided separation of these
two compounds as well as subsequent anabolites., However, this report
only involved injection of aqueous solutions rather than biological
extracts of these compounds into the HPLC. As a result, its
applicability and reproducibility in analyzing these compounds following
isolation from human biological fluids is unknown. While other

19F_NMR may allow

techniques such as isotachophoresis and
quantitation of 5'dFUR and 5-FU, they have the disadvantages of poor
sensitivity or the use of complex instrumentation.

The HPLC method described here enables the quantitation of both
5'dFUR and 5-FU in human plasma and urine. The sensitivity of the

method (50 ng/ml) is adequate for the analysis of both compounds

following the administration of single doses of 5'dFUR,
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The present investigations are the first detailed reports
examining the nonlinear pharmacokinetic characteristics of 5-FU and
5'dFUR in previously untreated colorectal carcinoma patients. Finch,
Bending and Lant (1979) studied the plasma disposition kinetics of 5-FU
in seven patients each receiving 0.5 and 1.0 g intravenous doses. These
investigators found the two-fold increase in dose resulted in a 38%
decrease in total body clearance, a 55% increase in half-life, but
little change in VB . However, the contribution of renal clearance was
not assessed and statistical comparisons of these pharmacokinetic
parameters at the two dose levels were not performed. In addition,
patients varied in tumor type (carcinoma of the breast, ovary or
gastrointestinal tract) and the majority received quadruple drug therapy
with anticancer agents (i.e., methotrexate) subsequently shown to alter
the anabolic pathways of 5-FU (Cadman, Heimer and Davis 1979).

The only other published report examining the pharmacokinetics
of 5-FU following administration of more than one intravenous dose to
the same patient is that of Garrett, Hurst and Green (1977). Although
concurrent administration of other anticancer medications was not
permitted by these investigators, a limited number (three) of patients
with unspecified tumor types were studied. In spite of these problems,
this report examined renal and non-renal clearances as well as
distribution processes (i.e., Vss) following a 0.5 and 1.0 g bolus dose.
They found a 36% and 38% decrease in total clearance and non-renal
clearance, respectively, as dose increased. Mean values for renal

clearance and Vss were independent of dose. The observed 35% and 36%



75

decrease in total and nonrenal clearance, respectively, as dose
increased in the present investigation, agrees well with these two
reports and confirms the nonlinear pharmacokinetic characteristics of
5~FU.

The mechanism for dose-dependence appears to be primarily due to
nonlinear elimination as evidenced by a dosé-dependent decrease in total
body clearance (2.30 to 1.48 L/min), and this in turn, is associated
with nonrenal processes. However, the plasma-concentration decay curves
observed following high dose (15 mg/kg) administration in these patients
did not show the characteristic convex shape on a semilogarithmic plot
(Gibaldi and Perrier 1982) expected of a compound eliminated by a
saturable process. Collins et al. (1980) have explored the possibility
that the combination of saturable 5-FU elimination and linear tissue
exchange could obscure the transitional region such that the
characteristic convex behavior of nonlinear elimination would not be
expressed on a semilogarithmic plasma concentration-time graph. 1In
simulations using a two-compartment physioclogic model incorporating
saturable metabolic elimination, these investigators have shown that
depending on the frequency of sampling at early time points, either one-
or two-compartment linear kinetics could be mimicked. Consequently, the
observation of nonlinear clearance without convex plasma
concentration-time curves in the present study is consistent with their
model, and illustrates that nonlinearity cannot be concluded by simply

looking at the shape of experimental curves.
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While most investigators have associated the nonlinearity in
5-FU elimination with capacity-limited or Michaelis-Menten kinetics, the
dose-dependent changes in half-life observed in the present studies as
well as by others (Garrett, Hurst and Green 1977; Finch, Bending and
Lant 1979) are not consistent with this mechanism. Assunming
Michaelis-Menten kinetics, when plasma concentrations become
significantly less than Km (half saturating concentration), elimination
becomes first order and the slope of the linear terminal portion is
independent of dose (Gibaldi and Perrier 1982). Therefore, the terminal
half-life should be the same, regardless of the dose administered. 1In
contrast, the present results demonstrate the mean 5-FU half-life
following the 15 mg/kg dose was nearly twice as long as that observed
for the 7.5 mg/kg dose (12.3 versus 6.2 min). There are two possible
explanations for the observed dose-dependency in half-life. First,
concentrations achieved after the 7.5 mg/kg dose were quite low, and
thus, the true terminal log-linear phase may not have been observed due
to assay limitations, although concentration-time data were collected
for greater than 10 half-lives. Another possible explanation is that
nonlinear elimination could be due to product-inhibited metabolism as
initially suggested for 5-FU by Garrett, Hurst and Green (1977). In the
case of product inhibition, 5~FU metabolites would inhibit the enzyme
which metabolizes the parent drug and thus the rate of decline of 5-FU
concentrations in the post distributive phase would tend to decrease
(i.e., increasing half-life) with increasing dose. In addition,

Perrier, Ashley and Levy (1973) have shown by digital computer
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simulation studies, that drug elimination may appear to be first order
(no apparent convexity), but with half-lives that increase with dose
provided that initial parent drug levels are lower than the Km and
elimination of the inhibiting metabolite is slow compared to the parent
drug. The rate~limiting step in the catabolism of 5-FU is probably
reduction to dihydrofluorouracil by dihydrouracil dehydrogenase

(Mukher jee and Heidelberger 1960). The Km of 5-FU for this enzyme has
not been determined. However, Collins et al. (1980) have predicted a
half-saturating concentration of 15 uM (2 ug/ml) based on comparison of
their model simulations with literature data. The concentrations
observed in the present studies were less than this concentration during
the post-distributive phase. While dihydrofluorouracil was not
quantitated in the present studies, Aubert et al. (1981b; 1982) have
demonstrated that plasma levels of this metabolite decline at a much
slower rate than corresponding parent drug concentrations. These
findings support the potential role of product-inhibition as an
explanation for the observed nonlinearity in 5-FU elimination.

For all patients studied in the present report, the magnitude of
the steady-state volume of distribution (Vss) was higher following the
15 mg/kg dose. In contrast, there was no consistent trend to suggest
the apparent volume of distribution in the post-distributive phase (Vﬁ )
was dose-dependent. Confusion regarding the relative meaning of these
volume terms exists since VB is a hybrid parameter and thus reflects
changes in elimination as well as distribution (Jusko and Gibaldi 1972;

Benet and Massoud 1984). In contrast, Vss is independent of elimination



78
and thus should directly reflect alterations or nonlinearity in
distribution processes. As a result, the present data suggest that 5-FU
may also have nonlinear distribution processes (plasma protein or tissue
binding) in addition to saturable clearance. In this regard, Oie and
Tozer (1979) have developed a model for Vss which takes into account the
plasma volume, the extracellular fluid outside the plasma as well as the
fluids and tissues in the rest of the body. For a drug bound to
albumin, they proposed the relationship

Vss (in liters) = 7.2 + 7.8 fu + Vo (fu/ft)
where fu and ft are the fractions of the drug unbound in plasma and
extracellular fluid, and outside the extracellular fluids (i.e.,

tissues), respectively and V,, is the volume into which the drug

T
distributes minus the extracellular space (i.e., tissue volume). The
magnitude of Vss in the present patients (13 to 31 L), is small and
suggests that tissue binding plays a minor role. Also, the fraction of
5-FU bound to plasma proteins is only 8 to 13% (i.e., fu = 0.87 to 0.92)
(Celio et al. 1983; Garrett, Hurst and Green 1977). The large
dose~dependent increase in Vss would not be predicted from such a low
degree of plasma protein binding. Therefore, the explanation and
meaning of the observed alterations in Vss can not be readily explained.
Mean 5-FU renal clearance in the present six colorectal
carcinoma patients was generally less than normal glomerular filtration
rate and was independent of dose. Consequently, the nonlinearity in

5-FU elimination primarily occurs in non-renal pathways. In addition,

inspection of the low-dose non-renal plasma clearances reveals that 5-FU
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must alsc be metabolized in extrahepatic tissues since nonrenal
clearance values exceed liver blood flow. The potential role of
clearance in the lung or blood will be discussed later in this section.

Studies in several experimental rodent and human tumor models
have demonstrated that 5'dFUR possesses a higher therapeutic index than
other fluoropyrimidines, including 5-~FU. The present investigation is
the first report on the nonlinear kinetic properties of this compound
and its metabolite 5-FU in previously untreated colorectal carcinoma
patients. These patients exhibited a disproportionate increase in aresa
under the curve with increasing dose. The mechanism for the
dose-dependency appears to be nonlinear elimination rather than
nonlinear plasma or tissue binding since mean total body clearance
decreased by 28% (0.92 to 0.66 L/min) while the steady-state volume of
distribution was similar for each dose (19.8 versus 20.4 L). Thus, the
present report confirms the nonlinearity observed in initial phase I
studies in which single doses ranging from 1 to 15 g/m2 were
administered to different subjects (Abele et al. 1982; Sommadossi et al.
1983).

The observed renal clearance of 5'dFUR exceeded normal
glomerular filtration which suggests it undergoes tubular secretion.
However, this parameter was independent of dose. On the other hand,
non-renal clearance decreased by 38% (0.60 + 0.29 to 0.37 + 0.08 L/min)
as the dose doubled. As a result, the nonlinearity in 5'dFUR
elimination was due to non-renal pathways (i.e., probably metabolism in

the liver, tumor tissues or lungs). As elimination became saturated
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however, the relative importance of renal processes to overall clearance
increased. At the high dose the fraction of the dose excreted unchanged
increased, and in some patients renal clearance actually exceeded
non~-renal clearance.

In contrast to 5-FU, the observed half-life of 5'dFUR was
independent of dose. Although this finding is consistent with
capacity-limited (Michaelis-Menten) metabolism of 5'dFUR, plasma-
concentration decay curves for most patients did not show the
characteristic convex shape expected of a compound eliminated by this
process. However, as mentioned previously, Collins et al.(1980) using
computer simulations have demonstrated that the combination of saturable
elimination and linear tissue exchange might obscure the transitional
region such that the characteristic convex behavior of nonlinear
elimination may not be observed on a semilogarithmic concentration-time
graph.,

Since 5'dFUR is a prodrug of 5-FU, the concentration and kinetic
behavior of 5=FU following 5'dFUR administration are of interest. 1In
these six patients, molar concentrations of 5-FU were generally 5-15% of
parent drug levels and declined in parallel to concentrations of
unchanged 5'dFUR. Therefore, it can be assumed that elimination of 5-FU
is formation-rate limited, the terminal log-linear phase reflecting the
elimination of 5'dFUR,

Because conversion to 5-FU is the only known metabolic pathway
for 5'dFUR, nonlinear elimination of 5'dFUR should produce no change in

the resulting dose-normalized 5-FU area under the curve when 5'dFUR dose
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is doubled. Therefore, the observed 2.7-fold increase in mean area
under the 5-FU plasma concentration-time curve is due to the presence of
nonlinear 5~FU elimination.

Analysis of published 5-FU infusion data show apparent total
body plasma clearances which can approach or exceed cardiac output. For
most eliminating organs, the individual contribution to total clearance
is the product of blood flow to that organ and organ extraction ratio.
Since the maximum value of extraction ratio is one, the maximum
contribution for any organ is blood flow to that organ. As a result,
Collins and Dedrick (1982) have concluded that for intravenous
administration, the only organs which can account for a total body
clearance in excess of cardiac output are the lung and/or blood. In
addition, the relationships between blood flows and clearance concepts
assume that blood rather than plasma bathes these clearing (i.e.,
eliminating) organs. However, all of the reported clearance values for
5~FU have in fact been plasma clearance rather than blood clearance
values. When the blood to plasma ratio exceeds one, plasma clearance
can substantially overestimate blood clearance (Gibaldi and Perrier
1982). 1In the present investigation, blood to plasma concentration
ratios of 5-FU and 5'dFUR were approximately one and were concentration
independent. Therefore, plasma clearance is a reasonable approximation
of blood clearance for these fluoropyrimidines.

The studies presented here demonstrate that both 5-FU and 5'dFUR
degrade when incubated at 37°C in whole blood for six hours. The

mechanism for the degradation is not known but metabolism in red blood
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cells or other blood-formed elements is most likely since both compounds
were stable in plasma., 5'dFUR was converted, at least in part, to 5-FU.
However, because 5-FU further degraded, it was not possible to determine
the extent of this pathway or other possible mechanisms of degradation.

The contribution of degradation in blood to the total body
clearance can be estimated using the product of the in vitro
disappearance rate constant and the physiologic blood volume (70 ml/kg)
(Diem and Lentner 1970). Using the lowest concentration data (highest
value of the observed disappearance rate constants), this estimation
produces a maximum blood clearance value of 45 ml/min and 9 ml/min for
5-FU and 5'dFUR, respectively. These values represent less than 2% of
the systemic clearance for either drug following low dose
administration. Thus, whole blood clearance of 5~FU itself does not
appear to contribute significantly to the high systemic clearance and
the extensive extrahepatic metabolism observed following intravenous
infusion. However, because of degradation in whole blood, it is
important that blood samples for pharmacokinetic studies be centrifuged
as soon as possible after collection to assure accurate plasma
concentration determinations.

In conclusion, the present findings in advanced colorectal
carcinoma patients demonstrate the nonlinearity in 5-FU and 5'dFUR
pharmacokinetics. Although both compounds were shown to degrade in
whole blood, the estimated whole blood clearance does not contribute

significantly to the total clearance. Thus, the lungs could be the



principle site of 5-FU clearance. Carefully controlled, isolated-
perfused lung experiments in an appropriate animal model are necessary

to directly test the hypothesis of extensive pulmonary clearance.
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PART II.

INFLUENCE OF SMOKING AND GENDER ON THE

DISPOSITION KINETICS OF PROPRANOLOL AND METOPROLOL
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CHAPTER 1

INTRODUCTION

One of the major therapeutic advances in clinical medicine
during the past three decades has been the introduction of the beta
adrenergic receptor blocking drugs (g -blockers). Numerous studies have
shown that these agents are both safe and effective for the treatment of
systemic hypertension, angina pectoris, hypertrophic¢c cardiac myopathy,
thyrotoxicosis, open-angle glaucoma and for prophylaxis against migraine
headache (Frishman 1980; Frishman 1981; Koch-Weser 1979). 1In addition,
clinical trials during the past five years have demonstrated that these
agents can reduce the risk of cardiovascular mortality and morbidity in
certain patients recovering from acute myocardial infarction (Check
1984; Norwegian Multicenter Study Group 1981; g -Blocker Heart Attack
Trial Research Group 1982; Herlitz et al. 1983; Ryden et al. 1983). On
the basis of these studies, the Food and Drug Administration recently
approved oral timolol maleate (Blocadren), propranolol hydrochloride
(Inderal) and intravenous metoprolol tartrate (Lopressor) for treating
patients during the acute phase of myocardial infarction.

The successful use of these agents in clinical practice depends
on the selection of a dosage regimen which gives therapeutically
effective but non-toxic plasma concentrations. In this regard,
pharmacokinetiec indices such as total body clearance, apparent volume of

distribution, plasma protein binding and half-life can influence
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selection of a suitable dosage size and frequency. The inter-individual
variation in these pharmacokinetic parameters is quite large for the g-
blockers (Jack et al. 1982). Vesell (1982) suggested this variation is
dependent on a multitude of host factors including age, genetic
constitution, disease states, occupational exposure to chemicals, gender
and the use of tobacco and alcohol. Although most pharmacokinetic
studies have been concerned with the influence of age and disease state,
several reviews have appeared concerning the influence of gender (male
or female) (Wilson 1984; Giudicelli and Tillement 1977; Proksch and Lamy
1977; Kato 1974) and cigarette smoking (Jusko 1978; Jusko 1979; Jusko
1984; Jick 1974; United States Department of Health Education and
Welfare 1979; Dawson and Vestal 1982) on drug metabolism, disposition
and pharmacological response.

In the following sections, the literature pertinent to smoking
and gender and their influence on drug disposition (with particular

reference to B -blockers) will be reviewed.

Influence of Cigarette Smoking on Drug Disposition

Recent reports suggest a large potential for smoking-induced
alterations in drug disposition and drug response (Jusko 1978; Jusko
1979; Jusko 1984). This potential is not surprising since smoking is
associated with a myriad of cardiac, pulmonary and neoplastic diseases
which may alter organ function or responsiveness. In addition, tobacco
smoke contains over 3,000 chemicals, many of which act as enzyme
inducers (e.g., polycyclic aromatic hydrocarbons, nicotine, cadmium, and

certain pesticides) or enzyme inhibitors (e.g., carbon monoxide,
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hydrogen cyanide and acrolein) (Jusko 1978).

The majority of in vitro and in vivo experimental work in man
indicates that the dominant effect of smoking is enhanced drug biotrans-
formation consistent with enzyme induction. A summary of drugs which
demonstrate either enhanced biotransformation or no alteration in
disposition in cigarette smokers when studied in vivo is presented in
Table XVI. With the exception of ethanol, all the listed drugs are
metabolized by microsomal oxidative pathways. The mechanism for
tobacco-induced increases in drug biotransformation is most likely
related to induction of aryl hydrocarbon hydroxylase (AHH, benzpyrene
hydroxylase) by polyeyclic aromatic hydrocarbons (PAHs). AHH is a
mixed-function oxidase enzyme found in almost every human and animal
tissue including liver, lung, skin, placenta, lymphocytes,
polymorphonuclear leucocytes and some fetal tissues (Pelkonen 1976;
Boobis 1980; Pelkonen 1980; Welch 1968; Alvares 1973; Welch, Cavallito
and Loh 1972; Vahakangas et al. 1977). Most of the smoking-induced
changes in in vivo drug metabolism are presumed to occur in the liver
(Jusko 1978). However, Vahakangas, Pelkonen and Sotaniemi (1983)
recently demonstrated similar levels of AHH and cytochrome in livers of
smokers and nonsmokers. Several animal studies in rats and rabbits
(Uotila and Marniemi 1976; Hook and Hewitt 1977) have shown that PAHs
are also effective inducers of renal drug metabolism. Consequently,
other organs in addition to the liver may play a role in the effect of

smoking on total drug metabolism.



Table XVI.

Summary of cigarette smoking on

drug disposition in humans

Compounds with

Compounds not

Increased Affected by
Clearance Smoking
antipyrine chlordiazepoxide
caffeine chlorpromazine
desmethyldiazepam dexamethasone
imipramine epoprostenol
clomipramine furosemide
lidocaine meperidine
nicotine nortriptyline
nortriptyline oral contraceptives
oxazepam phenytoin
pentazocine pindolol
phenacetin propranolol
phenylbutazone prednisolone
propranolol prednisone
theophylline glucaric acid
warfarin
ethanol

a

Adapted from Jusko (1984)
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Most investigators have examined smoking-induced alterations in
drug disposition by focusing on differences in clearance rather than on
distribution or absorption processes. In order to examine the influence
of smoking on drug clearance in a mechanistic sense, Vestal and Wood
(1980) compared the elimination of three model compounds with
contrasting pharmacokinetic properties in healthy male smokers and
nonsmokers. Assuming a perfusion-limited model (Wilkinson and Shand
1975), the three compounds antipyrine, indocyanine green, and
propranolol were chosen to permit a prediction of smoking-induced
alterations in hepatic blood flow, enzyme activity (intrinsic clearance)
and drug binding. In these studies, cigarette smoking was associated
with enhanced apparent systemic clearance of antipyrine in young smokers
(less than 35 years of age) but not in older smokers. Since antipyrine
is a low extraction ratio drug, is almost entirely metabolized by the
liver and is poorly bound to plasma proteins, clearance of this compound
primarily depends on the activity of drug metabolizing enzymes.
Therefore, these results demonstrate that cigarette smoking can induce
drug-metabolizing enzymes. However, the age related effect of smoking
on drug metabolism may reflect a reduced capacity for hepatic enzyme
induction in the elderly.

In contrast to antipyrine, clearance of indocyanine green, which
is largely dependent on liver blood flow, was not altered. Similar
findings have been reported by Huet and Lelorier (1980). These results
confirm the previous work of Nies et al. (1970) who demonstrated that

PAHs do not affect hepatic blood flow in animals.
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The effect of cigarette smoking on the plasma protein binding of
therapeutic agents has received little attention in the literature.
Recent reports (Benedek, Blouin and McNamara 1984; Chao et al. 1982)
have shown that healthy smokers have elevated levels of the acute phase

reaction protein o,-acid glycoprotein (a1-AGP). McNamara et

1
al. (1980) suggested that the observed increase in lidocaine binding in
smokers might be related to elevated a1—AGP levels. In contrast,

the plasma protein binding of propranoclol, a basic drug known to bind to
this protein, does not demonstrate differences between smokers and
nonsmokers (Benedek et al. 1984; Vestal et al. 1979; Feely, Crooks and
Stevenson 1981). Thus, the clinical significance of elevated a1-AGP
levels is not known. Similarly, a trend for smoking groups to have
lower serum albumin concentrations has been observed (Dales et al. 1974;
Benedek et al. 1984), but demonstration of clinically significant
alterations in the binding of drugs primarily bound to this protein are
lacking (Benedek et al. 1984; Rose, Barron and Jusko 1978). The
observation by James et al. (1982) that smokers have significantly
higher erythrocytewgold concentrations than nonsmokers during gold
therapy suggests that smoking may influence other distribution processes
in addition to protein binding.

The influence of cigarette smoking on the disposition kinetics
of f-blockers is particularly relevant since patients with
cardiovascular disease often have a history of cigarette smoking and
often require therapy with these agents. Four studies are relevant with

respect to smoking- g ~blocker interactions. In the first of these
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reports, Vestal et al. (1979) investigated the effects of age and
cigarette smoking on the disposition of propranolol in 27 normal men.
Propranolol (80 mg) was administered orally every eight hours for seven
doses and 40 uCi 3H—propranolol was given simultaneously by the
intravenous route with the last dose. Unlabelled and labelled
propranolol plasma concentrations were measured in serial blood samples
obtained over the next eight hours. Since propranolol is a drug with
intermediate hepatic extraction, its disposition can be influenced by at
least three separate mechanisms (i.e. metabolic enzyme activity, hepatic
blood flow and plasma protein binding alterations). The results from
this study revealed that young smokers (less than 35 years of age)
exhibited a 2.7~-fold greater oral clearance than did nonsmokers, but
they did not exhibit differences in propranolol plasma protein binding
or hepatic blood flow. However, the smoking-induced alterations in oral
clearance were not observed in older subjects. Therefore, the primary
affect of smoking was an age-related induction of hepatic drug
metabolizing enzymes as reflected by the difference in steady-state oral
clearance values. Subsequent studies by Gardner, Cady and Ong (1980)
and Feely, Crooks and Stevenson (1981) demonstrated similar effects of
smoking on the steady-state metabolism of propranolol. In contrast,
Hitzenberger et al. (1982) reported no differences in maximum plasma
concentrations, half-life or oral clearance values between healthy male
smokers and nonsmokers receiving pindolol (5 mg) or propranolol (80 mg)

three times daily for two days.
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In the above study, Vestal and Wood (1980) examined the
influence of cigarette smoking on intravenous propranolol disposition.
Both systemic clearance and the apparent volume of distribution were
larger in the young smoking group by 41 and 16%, respectively. However,
these differences were not statistically significant.

In summary, the dominant effect of smoking is enhanced drug
elimination caused by induction of hepatic microsomal enzymes. However,
the selectivity of this increased enzyme activity is unpredictable.
Conflicting results have appeared in the literature, even for
propranolol, which is considered to be the drug which exhibits the most

striking change in disposition due to smoking (Jusko 1984).

Gender-Related Differences in Drug Disposition

Although it has been known for some time that sex hormones
influence the activity of certain forms of hepatic cytochrome P-450 in
the rat (Kato 1974), only during the past six years have systematic
studies been performed in man which demonstrate an effect of gender on
drug disposition. More specifically, small but statistically
significant differences in pharmacokinetic parameters between males and
females have been reported for antipyrine (Teunissen, Srivastava and
Breimer 1982), chlordiazepoxide (Roberts et al. 1979), desmethyldiazepam
(Allen et al. 1980), diazepam (Ochs et al. 1981; Greenblatt et al.
1980a), oxazepam (Greenblatt et al. 1980b) and paracetamol (Miners,
Attwood and Birkett 1983). Although studies in rats have consistently
demonstrated that males metabolize foreign and endogenous substrates

faster than females (Kato 1974), a similar trend in humans has not been
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observed.

Possible causes for the observed gender-linked differences in
drug kinetics include alterations in absorption, distribution (body
composition and protein binding), or elimination (metabolism, protein
binding, blood flow or renal excretion). With the exception of hepatic
blood flow (Martin et al. 1975), specific examples of alterations in
each of these biological determinants with respect to gender have been
observed (Wilson 1984).

Only two studies have examined possible gender-related
differences in disposition kinetics of f-blockers. In the first of
these, Wood and Wood (1981) compared the in vitro plasma protein binding
of propranolol in 10 healthy adult males and in an equal number of adult
nonpregnant women not receiving oral contraceptives. Their results
revealed that the protein binding of propranolol was similar in both
groups.

Jack et al. (1982) measured plasma concentrations of metoprolol,
propranolol, acebutolol and its metabolite diacetolol after single oral
deses in young healthy volunteers. In order to assess the influence of
gender, mean values for the following pharmacokinetic parameters in
healthy males were compared to similar values obtained from healthy
females not taking oral contraceptives: area under the plasma
concentration-time curve (AUC), maximum measured concentration, time of
maximum measured concentration and half-life. The only drug for which a
significant gender-related alteration in disposition was observed was

acebutolol. Females taking 400 mg of this drug showed a 1.3-fold
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increase in AUC relative to males. In contrast, AUC values for
metoprolol and propranolol were 1.8 and 2-fold greater in males,
respectively. Although these results were not significant, the number
of subjects studied was small and thus, selection of larger groups may
reveal significant differences.

In summary, gender-related differences in disposition kineties
have been reported for a number of therapeutic agents including the (-
blockers. The mechanisms for such alterations are quite variable and
thus it is not possible to predicp those drugs most likely to exhibit
variation with respect to gender. Therefore, Wilson (1984) has urged
that investigators should recognize the potential effect of gender and
design pharmacokinetic protocols which include separate age-matched

groups of men and women,

Proprancolol and Metoprolol Assay Methodology

Because plasma concentrations of propranolol and metoprolol are
in the low nanogram range following single doses, highly sensitive
techniques are necessary for accurate measurement and detailed
pharmacokinetic investigations. Numerous methods have been reported for
the determination of g -blockers in human plasma. Some of the earliest
but most widely used methods involved fluorometric determination (Shand,
Nuckolls and Oates 1970; Ambler, Singh and Lever 1974; Vasiliades 1977).
These methods require large sample volumes (ie. up to 4 ml plasma) and
lack specificity in that some metabolites (Pritchard et al. 1978) and
other drugs frequently co-prescribed with these agents may interfere

(Vvasiliades 1977; Rao, Quesada and Mueller 1978). Increased sensitivity
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and specificity have been achieved by using gas-liquid chromatography
with electron-capture detection (DiSalle, Baker and Chidsey 1973; Walle
1974; Kates and Jones 1977; Zak, Honc and Gilleran 1980; Ervik 1975;
Williams et al. 1976; Degen and Weiss 1976). However, these methods
require fairly involved derivatization steps. As with most other drugs,
techniques employing gas chromatography-mass spectrometry are the most
sensitive and specific (Walle et al. 1975; Walle et al. 1978; Vu and
Abramson 1978; Ervik, Hoffmann and Kylberg-Hanssen 1981; Borg et al.
1975), but routine use in most laboratories is not economically or
technically feasible.

Recent attention has turned to developing high-performance
liquid chromatographic (HPLC) methods for the determination of these
drugs. Tables XVII and XVIII provide a selective review of the numerous
methods reported for propranolol and metoprolol, respectively. Since
these two compounds are both weak bases with pKa values in the region of
9.5, most methods employ organic solvent extraction under alkaline
conditions. In addition, some investigators prefer additional
back-extraction into acid which provides improved sample cleanup and
sample concentration without the time-consuming evaporation step.
Alternatively, other workers have removed interfering neutral and acidic
compounds by initially extracting acidified plasma samples. The
resulting aqueous phase is subsequently alkalinized and the compounds of
interest extracted into various organic solvents. Following isolation,
most procedures employ reversed-phase separation followed by ultraviolet

(UV) or fluorescence detection. The latter form of detection provides
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greater specificity and sensitivity, especially for metoprolol.

Statement of the Problem

Since g-blockers are widely used to treat a variety of cardiac
disorders, recent reports suggesting gender- and smoking-related
variation in the disposition of these compounds are of clinical
relevance. Therefore, this study was designed to examine the influence
of gender and cigarette smoking on the disposition kinetics of a
nonselective (propranolol) and selective (metoprolol) g-blocker after
both oral and intravenous administration. The results of this
investigation should provide further insight into the nature of such

drug-host factor interactions.



CHAPTER 2
EXPERIMENTAL
Materials and Methods

Assay Methodology

Attempts to quantitate propranolol and metoprolol in the present
investigation initially involved modified versions of the fluorometric
procedure of Offerhaus and Van der Vecht (1976) and the gas
chromatographic electron capture procedure of Zak, Honc and Gilleran
(?580). However, these attempts were unsuccessful due to instrument
variability and insufficient sensitivity. Consequently, both compounds
were subsequently analyzed using reversed-phase ion-pair high
performance liquid chromatography.

Analytical standards and reagents . Propranolol hydrochloride

(Lot 81-6474-1 R412334), oxprenolol hydrochloride (Lot B75-23),
metoprolol tartrate (Lot U2298) and its metabolites (H119/66, H104/83,
H117/04 and H105/22) were kindly supplied by Ciba-Geigy Corporation
(Ardsley, NY) and Ayerst Laboratories, Inc. (New York, NY), and used
without further purification. Aqueous stock solutions (1 mg/ml of
propranolol, 50 ug/ml of oxprenolol, 1 mg/ml metoprolol), expressed as
the free base, were prepared in silanized volumetric glassware and
stored at MOC. Other reagents were analytical reagent grade and

included: methanol (Distilled in glass, Burdick and Jackson
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Laboratories, Inc., Muskegon, MI), sulfuric acid (JT Baker Co.,
Phillipsburg, NJ), n-butyl chloride (Burdick and Jackson Laboratories,
Inc.), sodium hydroxide USP pellets (Amend Drug and Chemical Co., Inc.,
Irvington, NJ), glacial acetic acid (Fisher Scientific Co., Fair Lawn,
NJ) and sodium 1~-heptanesulfonate (Regis Chemical Co., Morton Grove,
IL).

HPLC instrumentation . Chromatography was performed using a
reciprocating piston pump (Model 322MP, Beckman Instruments, Inc.,
Fullerton, CA), a syringe loading sample injector (Model 210, Beckman)
and a fluorescence spectrophotometer with flow cell attachment (Model
650-10M, Perkin-Elmer Corp., Norwalk, CT). The instrument was fitted
with a 150 x 4.6 mm reversed-phase column (Spherisorb 5-0DS, 5 micron
particle size, Alltech Associates, Inc., Deerfield, IL) and a 70 x 4.6
mm guard column (CO:PELL ODS packing, Whatman Inc., Clifton, NJ). All
separations were conducted at ambient temperature with an isocratic
mobile phase of methanol-water (65:35) containing 0.005 M sodium
1-heptanesulfonate. The mobile phase was adjusted to a pH of 3.75 with
glacial acetic acid, filtered through a 0.45 micron Nylon 66 filter, and
pumped at a flow rate of 1.5 ml/min (2060 to 2160 psi). The column
effluent was monitored at an excitation wavelength of 279 nm with the
emission monochromator set at 350 nm (propranolol assay) or 302 nm
(metoprolol assay). The output from the detector was connected to a
10-mV potentiometric integrator (Model 3390A, Hewlett Packard, Avondale,

PA) set at a chart speed of 0.3 em/minute.
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Isolation procedures . Flow diagrams for the isolation of

metoprolol and propranolol from serum are shown in Figures 15 and 16,
respectively. One ml serum samples were placed into 16 x 100 mm culture
tubes (Kimax, VWR Scientific Inc, San Francisco, CA) which had
previously been silanized (0.5% v/v AquaSil in distilled water, Pierce
Chemical Co., Rockford, IL). After addition of internal standard (100
ul of a 30 ug/ml aqueous stock of metoprolol for the propranolol assay;
100 ul of a 50 ug/ml aqueous stock of oxprenolol for analysis of
metoprolol), 200 ul of 2 N sodium hydroxide was added to adjust the pH
to between 12.3 and 12.5. The tubes were then gently shaken and 4 ml
n-butyl chloride added. Extraction of samples containing metoprolol was
achieved by vortexing (Vortex-Genie, Model K-550-G, Scientific
Industries, Inc., Bohemia, NY) the samples for 20 s while propranolol
samples were shaken at low speed on a horizontal shaker (Eberbach Corp.,
Ann Arbor, MI) for 15 min. Following centrifugation (Model TJ6, Beckman
Instruments, Inc.) at 2700 rpm for 5 min, the entire organic (top) layer
was removed and either evaporated to dryness (propranolol samples) or
placed in a new conical glass tube containing 500 ul of 0.2 N sulfuric
acid (metoprolol samples). The dried extracts containing propranolol
were reconstituted with 100 ul mobile phase and 20 ul injections made
into the HPLC. In contrast, metoprolol samples required further
isolation steps. Thus, acid back-extraction was performed by vortexing
the n-butyl chloride/0.2 N Hgsou mixture for 20 s. The organic

layer was discarded and the aqueous supernatant alkalinized with 200 ul

2 N sodium hydroxide and then extracted with 3 ml fresh n-butyl



Figure 15.
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1 ml Serum
+ Metoprolol

+ 0.2 ml of 2N NaOH (pH 12.3)
+ 4 ml n-Butyl Chloride

3 pg/ml (I.S.)

A4

Shake at Low Speed
on Horizontal Shaker
x 15 min

Centrifuge x 5 min

Evaporate n-Butyé Chloride
To Dryness at 50 C Under a
Gentle Stream of Nz

L

Reconstitute
Mobile Phase

in 100 pl

A\

Inject 20 pl

into the HPILC

Flow diagram for isolating propranolol from serum.



Figure 16.

ml Sexrum

Oxprenoclol 5 ng/ml

0.2 ml of 2N NaOH (pH 12.3)
4 ml n-Butyl Chloride

+ 4

Vortex x 20 s
Centrifuge x 5 min

n~-Butyl Chloride Layer

+ 0.5 ml of 0.2N sto4

Vortex x 20 s
Centrifuge x 5 min

Aqueous Phase
+ 0.2 ml of 2N NaOH (pH 12.3)
4+ 3 ml n~-Butyl Chloride

| Vortex x 20 s
Centrifuge x 5 min

Evaporate n-Butyl Chloride
lLayer To Dryness at 500C
Under a Gentle Stream of N2

Reconstitute in 50 p1
Mobile Phase

N2

Inject 20 ul into the HPIC

Flow diagram for isolating metoprolol from serum.

103



104

chloride. After centrifugation, the organic phase was evaporated to
dryness (N-EVAP, Organomation Associates Inc., Northborough, MA) at
50°C under a gentle stream of nitrogen. The resulting residue was
dissolved in 50 ul mobile phase, briefly vortexed and 20 ul aliquots
injected into the HPLC.

Calibration curves and data analysis . Standard curves were
prepared by spiking blank pooled human serum with propranolol
hydrochloride and metoprolol tartrate such that free base concentrations
of each compound were 5, 10, 25, 50, 100, 150 and 250 ng/ml. Unknown
samples were analyzed at the same time as calibration standards, and the
concentrations of propranolol or metoprolol were obtained from the peak
height ratios using simple linear regression. For samples having
concentrations above the linear tested range of 250 ng/ml, 250 ul
aliquots of patient serum were diluted with 750 ul blank serum and then
processed as described above.

Accuracy and precision . Within-day reproducibility of the
methods was determined by analyzing three to five replicate standard
samples of each compound at concentrations of 5, 12, 75, 100, 150, 300
and 400 ng/ml metoprolol and 15, 80, 200 and 500 ng/ml propranolol.
Similarly, between~day reproducibility was assessed from frozen serunm
aliquots, which were thawed and analyzed during a two-week period. From
these results, mean analytical recovery, expressed as the measured
concentration calculated as a percentage of the actual concentration,
was used as an estimate of accuracy. Precision was estimated from the

coefficients of variation (CV) around the measured concentrations.
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Selectivity studies . Possible interferences from metoprolol
metabolites were evaluated by injecting aqueous stock solutions of
H119/66, H104/83, H117/04 and H105/22 into the chromatographic system.
Influence of Smoking and Gender
on f-Blocker Pharmacokinetics

Subjects . Twenty healthy adult volunteers ( 5 male smokers, 5
female smokers, 5 male nonsmokers, 5 female nonsmokers) between the ages
of 30 and 65 years and weighing 44 to 119 kg were studied. Nonsmokers
were defined as persons who had not smoked cigarettes during the
previous two years, while smokers were defined as individuals having at
least a 30 pack year (number of packs of cigarettes smoked per day times
the number of years the patient has smoked) history and were current
smokers. All subjects were ambulatory and did not have a history of
cardiac, hepatic, renal, respiratory or endocrine disease. A physical
examination and complete biochemical and hematological blood tests were
performed in each subject prior to the study. The study was approved by
the Human Subjects Committee at the University of Arizona Health
Sciences Center as well as the Tucson Veterans Administration Research
and Development Committee. Written consent to participate was obtained
from each individual after the nature, purpose and potential risks of
the investigation were explained verbally and in writing. A copy of the
consent form can be found in Appendix F.

Study design . Experimentally, this was a single-blind
randomized study in which each smoking subject was matched with a

nonsmoking subjeect of the same sex and approximate age. During the
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first five weeks, subjects randomly received at weekly intervals each of
the following single oral doses according to a Latin-square design: (M
propranolol hydrochloride, 80 mg, (2) propranolol hydrochloride, 160 mg,
(3) metoprolol tartrate, 100 mg, (4) metoprolol tartrate, 200 mg and (5)
placebo. Each subject fasted for 12 hours before and 5 hours after oral
drug administration. In addition, each patient received a single
intravenous dose (20 mg) of propranolol and metoprolol on separate
occasions (weeks six and seven)., The order in which the two doses were
given was randomly allocated and both doses were administered as a
constant-rate infusion over 20 min (Model 351 syringe pump, Sage
Instruments, Orion Research, Cambridge, MA) at a rate of 1 ml/min
through a buttefly needle (23 gauge x 3/4 inch, Abbott Hospital, Inc.,
North Chicago, IL) placed in a forearm vein. Pulse and
electrocardiogram traces were monitored during the infusion to identify
adverse effects. Furthermore, all subjects refrained from coffee, tea,
chocolate and marijuana for twelve hours before drug administration and
were not taking any prescription or nonprescription medications.
Intravenous drug preparation . Propranolol (Inderal, Ayerst
Laboratories, Inc., New York, NY) was purchased in sterile ampoules
containing 1 mg/ml as the hydrochloride salt in Water for Injection.
Certificates of analysis obtained from the manufacturer demonstrated
concentrations of 0,978 mg/ml (Lot 1WT74) and 0.991 mg/ml (Lot 1A8Z) for
the two lots used in the study. Metoprolol was kindly supplied by
Ciba~Geigy Corporation in sterile ampoules containing 1 mg/ml (10 ml,

Lot E-10250 H-1811) as the tartrate salt. Injection solutions of both
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compounds were prepared immediately before drug administration by
withdrawing the contents of the required number of ampcules through a 5
micron aspiration needle (Monoject 303) into a 20 ml plastic syringe
(Monoject, Sherwood Medical-Industries Inec., Deland, FL). Three ml of
this solution were used to fill the injection tubing and the remainder
(20 ml) infused.

Blood sampling . An intravenous catheter (Angiocath, 20 gauge
'x 1 1/4 in, Desert Co., Sandy, UT) with a teflon plug was inserted into
a forearm vein of each patient. Venous blood samples (10 ml) were
collected just prior to and at 30, 60, 90 min and 2, 3, 5, 7 and 10 hr
after oral administration. Three additional samples (0, 5 and 15 min
post infusion) were collected following intravenous administration.
Serum was obtained by centrifugation (within 45 min of collecting the
sample) of the clotted blood samples and kept frozen at -20°C until
analyzed.

Data Analysis . Serum concentration-time data were analyzed
separately for each patient after each dose by a "model-independent"
method (Yamaoka, Nakagawa and Uno 1978; Benet and Galeazzi 1979; Perrier
and Mayersohn 1982). Total body clearance (ClT), terminal
disposition half-live (t%), apparent volume of distribution during the
post-distributive phase (Vﬁ ), steady-state volume of distribution (Vss)
and mean residence time (MRT) were estimated from the following

equations:
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ClT = iv (8)
AUC,
iv
¢ _ 0.693 (9)
" 8
cl
v _ T (10)
g =
B
AUMC T
MRT = — (11)
AUC,
1v
Vss = c1T * MRT (12)

where Div is the intravenous dose of propranolol or metoprolol
. expressed as free base, g is the terminal disposition rate constant,
AUCiv is the total area under the serum concentration-time curve

from the start of infusion to time infinity, AUMC is the total area
(i.e., time zero to time infinity) under the first moment of the serum
concentration-time curve, and T is the infusion time.

Following oral administration, the apparent oral clearance

(Clo) and fraction of the dose reaching the systemic circulation (F)

were calculated from the relationships:

D

[e]
clo - _.P (13)
AUC
po
AUC D,
F - po . iv (14 )
AUC, D
iv po

where AUCpo and AUCiv are the areas under the serum

concentration-time curves from time zero to time infinity following oral
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and intravenous administration, respectively. Div and Dpo are
the corresponding intravenous and oral doses of propranoclol and
metoprolol base.

The concentrations of propranolol and metoprolol were plotted on
semilogarithmic paper and the slope of the terminal log-linear phase
estimated using linear regression. This slope is equal to minus beta
divided by 2.303 (-8 / 2.303). AUC was calculated in two steps. First,
the area under the curve from time zero to the first data point in the
terminal log-linear phase was calculated by using the linear trapezoidal
rule. Second, the area under the curve from this first data point to
time infinity was obtained by dividing the theoretical concentration at
that point (i.e., the concentration predicted from the terminal linear
regression equation) by 8. The sum of these two areas is AUC. The AUMC
was calculated using a similar approach. However, the area under the

first moment curve from the initial post-distributive time point to time

infinity (AUMC):, was estimated by the following equation:

t* C C
oo _ t* t* (15)
(AUMC) x + 5

B B

where Ct* is the regression predicted initial concentration in the
post-distributive phase, t* is the corresponding time for Ct*’ and 8
is as previously defined.

All group results are expressed as mean * standard deviation.
Differences in the intravenous pharmacokinetic parameters between

smokers and nonsmokers and between males and females were tested for
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statistical significance by employing a two-way analysis of variance
using an unequal cell frequency design (Kim and Kohout 1975).
Alternatively, a repeated measures analysis of variance was used to
assess the significance of differences in oral clearances, and systemic

availabilities (Winer 1962; Jennrich, Sampson and Frane 1981).



CHAPTER 3

RESULTS

Assay Methodology

Extraction and isolation procedures . The procedure used in

analysis of serum samples containing propranolol involved alkaline
extraction into n-butyl chloride. Representative chromatograms
resulting from the analysis of blank serum together with similarly
treated serum which had been spiked with propranolol and internal
standard are shown in Figure 17. The compounds eluted from the C18
reversed-phase column as symmetrical peaks with retention times of 3.8
and 6.0 min for the internal standard and propranolol, respectively. No
interference was observed at the retention times of the two compounds of
interest. However, in some patient samples, late peaks (9 to 12 min)
were observed. While these peaks did not directly interfere with drug
analysis, they did prolong the time between subsequent injections.

In contrast, preparation of metoprolol samples using this simple
one-step alkaline extraction procedure and detection at an emission
wavelength of 302 nm did not result in acceptably clean chromatograms.
However, back-extraction into acid and then extraction into n-butyl
chloride at a basie pH resulted in clean chromatograms (Figure 18).
Recovery of metoprolol using this multi-step isolation procedure,
determined by comparing the peak height ratios measured from the final
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extracts of serum containing known amounts (125 ng/ml) of metoprolol
with the peak height ratio obtained from unextracted aqueous solutions,
was 59 = U%.

Spectrofluorometric behavior . The spectrofluorometric
excitation and emission spectra for metoprolol in 0.01 N HCL are shown
in Figure 19. From these spectra, optimal wavelengths for excitation
and emission were chosen at 279 and 302 nm, respectively. Similarly,
the optimal emission wavelength for propranolol using an identical
excitation wavelength (279 nm) was 350 nm.

Linearity, precision accuracy and sensitivity . Standard

curves for both compounds in serum were linear over the concentration
range studied (0 to 250 ng/ml). As a measure of reproducibility, the
within-day coefficients of variation were less than 10% for both
compounds at all concentrations examined in this concentration range. A
summary of between-day coefficient of variation values are presented in
Table XIX. These values were less than 10% except at the lowest
concentrations examined. Therefore, serum calibration standards were
prepared each day and analyzed at the same time as unknown subject
samples. Mean analytical recovery (accuracy), expressed as the ratio of
concentration measured to that added, averaged 100.4 + 5.4% for
propranolol and 102.3 * 4,9% for metoprolol. It was felt that
propranolol and metoprolol could be quantitated with acceptable accuracy

at concentrations of 10 and 5 ng/ml, respectivly, in one ml serum.
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Table XIX. Between day variability of f-blocker plasma assays.

Concentration Mean Coefficient of
Added Concentration n? Variation (%)
Measured
Propranolol
15 ng/ml 13.9 ng/ml ( 92.5)° 6 1.7
80 ng/ml 82.4 ng/ml (102.9) 6 2.0
200 ng/ml 204.3 ng/ml (102.2) 6 3.8
500 ng/ml 521.1 ng/ml (104.2) 6 5.2
Metoprolol
5 ng/ml 5.5 ng/ml (110.6) 8 17.4
10 ng/ml 10.4 ng/m1 (104.1) 8 6.0
25 ng/ml 24.8 ng/m1 ( 99.2) 8 6.8
50 ng/ml 52.4 ng/ml (104.8) 8 7.1
100 ng/ml 95.0 ng/ml ( 95.0) 7 5.3
150 ng/ml 153.2 ng/ml (102.1) y 5.3
250 ng/ml 251.3 ng/ml (100.5) 8 5.7

a n = number of days on which samples were analyzed.
b Mean analytical recovery (accuracy); ratio of concentra-
tion measured to that added expressed as a percentage.



17

Specificity . Aqueous stock solutions of the four known
metabolites of metoprolol were injected into the HPLC and the following
retention times were observed: metoprolol 4 min, H119/66 2.4 min,
H104/83 1.8 min, H117/04 2.2 min and H105/22 2.5 min. Consequently, the
method was specific for metoprolol in the presence of its known
metabolites.

Similar studies using propranolol metabolites were not performed
because pure samples of metabolite were not available. However, because
of the polar nature of these compounds, they should be retained to a
lesser degree than the parent drug.

Influence of Smoking and Gender
on the Disposition of g-Blockers

Table XX summarizes the demographic data (age, weight, height
and cigarette consumption) for all twenty subjects. Statistical
analysis demonstrated no difference in age or weight between smokers and
nonsmokers.

Serum concentration versus time data for each subject can be
found in Appendices G, H and I for propranolol and Appendices J, K and L
for metoprolol. One subject (JS) withdrew from the study before
receiving all doses and her data were, therefore, not included in

subsequent pharmacokinetic analyses.

Propranolol Pharmacokinetics
, Semilogarithmic plots of serum concentration (expressed as the

free base) versus time for a representative subject (PD) following oral

and intravenous administration of propranolol are presented in Figure
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Table XX. Demographic data for normal subjects receiving
propranolol and metoprolol.

. Group Subject Age Weight Height Smoking History

(yr) (kg) (em) Pack Cigarettes
Years Per Day

MALE, JA 65 73.5 160 Iy 20
SMOKER WB 56  77.6 183 48 30
LT 57  74.8 180 71 40
LH 34 70.8 178 32 33
DP 4%  78.5 170 60 30
FEMALE, BG 32 70.3 170 20 a
SMOKER EL 55  70.8 165 34 30
PD 41 4.0 160 48 65
MJ 47  83.5 170 36 35
SL, 37  64.0 170 31 60
MALE, GA 32  63.5 178
NONSMOKER MR 64  77.6 193
NC 54 93.4 180
FP 39 79.4% 180
LBW 60 119.1 188
FEMALE, JR 30 55.3 158
NONSMOKER LB 45  59.9 163
SH 7 63.1 163
MN 42 67.1 160

a Information not recorded.
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Table XXI. Pharmacokinetic parameters (mean + S.D.) of
propranolol as a function of smoking status
and gender.

Pharmacok inet ic Smoking Status Gender All
Parameter Subjects
Nonsmokers Smokers Males Females
s (bl 0.1590  0.1732 0.1736 0.1626  0.1685
-0.0194 =0.0331  =0.0364 =0,0196 =0.0293
t, (ho)© 4.4 4.0 4.0 4.3 4.1
K =0.5 =0.8 =0.8 =0.5 =0.7
cL (L/min) ¢ 0.47 0.62 0.58  0.57 0.57
0.09 :0.13 =0.14  =0.15 =0.14
v, w° 182.4 224.2 212.2  208.1  210.3
g =54.7 =70.7 =86.9  =40.7 67.0
vss (@) 162.6  216.9 2027  194.4  198.8
52,3 =71.9 =194.4  =40.0 =69.3
MRT (hr)® 5.7 6.1 5.8 6.2 6.0
0.6 1.3 1.3 0.9 1.1
(Clo) g L/min) " 2.69 2.84 3.02  2.49 2.77"
-1.30 0,72 -1.20 =0.72 1.01
(CLo)léo(L/min)i 1.95 2.23 2.18  2.00 2.10
-1.64 -0.87 -1.59  -0.84 1.26
Fao’ 0.219 0.242 0.216  0.256 0.234"
0,049  z0.078 z0.053 =0.082  =0.069
Fléok 0.321 0.329 0.359  0.289 0.326
-0.042  :0.134 :0.124 -0.086  =0.110

a Parameters calculated from intravenous drug administration were
based on data available from 15 subjects (10 smokers and 5 non-
smokers; 8 males and 7 females).
oral dosing were based on data available from nineteen subjects

Parareters calculated followirg

XU rPoarmo L0 O

(10 smokers and 9 nonsmokers; 10 males and 9 females).
Terminal phase disposition rate constant.

Half-life expressed as harmonic mean * pseudo standard deviaticn.
Total body serum clearance.

Apparent volume of distributicn during post-distributive phase.
Apparent volume of distribution at steady-state.

Mean residence time.

Apparent oral clearance following the 80 mg dose.

Apparent oral clearance following the 160 mg cose.

Systemic availability, 80 mg dose.

Systemic availiability, 160 mg dose.

Statistically significant, smokers versus nonsmokers.
Statistically significant, 80 mg dose versus 160 mg dose.
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parameters except total body clearance which was significantly higher in
smokers (0.62 + 0.13 L/min) than nonsmokers (0.44 * 0.05 L/min).

The results obtained following oral administration revealed that
apparent oral clearance and fraction of the dose absorbed into the
systemic circulation varied markedly between subjects. For example, the
fraction absorbed ranged from 15.8 to 38.0% (mean 32.3%) for the 80 mg
dose and from 20.1 to 63.1% (mean 32.3%) for the 160 mg dose. In 15 of
the 18 subjects, systemic availability was higher after the 160 mg dose
than after the 80 mg dose. This difference was statistically
significant and corresponded to a 25.2% mean decrease in individual oral
clearance values as the dose was increased. Significant differences
between males and females or between smokers and nonsmokers were not

observed for either of these two oral pharmacokinetic parameters.

Metoprolol Pharmacokinetics

Semilogarithmic plots of serum concentration (expressed as the
free base) versus time for a representative subject (MR) following oral
and intravenous administration of metoprolol are presented in Figure 21.
Following cessation of the 20-min infusion, metoprolol serum
concentrations declined with a short distribution phase (15 to U5 min)
followed by a terminal log-linear decline with half-lives ranging from
1.7 to 8.0 hr. Serum concentrations increased rapidly following oral
administration and reached maximum values after 1 to 3 hours.
Thereafter, concentrations declined log-linearly with half-lives that
were similar to the value obtained following intravenous administration

(Appendix P).
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The pharmacokinetic parameters calculated for each subject
following intravenous and oral administration are listed in Appendix O
and P, respectively. A summary of the mean (* S.D.) pharmacokinetic
parameters as a funcion of subject smoking status and gender appears in
Table XXII. Following infusion of 20 mg metoprolol tartrate, mean.
values for total body clearance, volume of distribution in the terminal
phase, steady-state volume of distribution, half-life and mean residence
time were 0.87 * 0.26 L/min, 242 * 60 L, 207 * 52 L, 3.1 * 1.0 hr and
4.5 £ 1.4 hr, respectively. Smokers and nonsmokers demonstrated similar
values for all parameters except Vb and Vss which were significantly
larger in smokers (273 * 58 and 235 * 42 L, respectively) than in
nonsmokers (203 = 49 and 172 * 43 L, respectively). The results from
males and females were of the same magnitude and no statistically
significant differences were found.

After oral administration, systemic availability varied markedly
between subjects, ranging from 14.9 to 92.0% (mean 42.6%) for the 100 mg
dose and from 21.1 to 81.6% (mean 50.8%) for the 200 mg dose. The
individual data in Appendix P show that in 15 of the 18 subjects, the
fraction absorbed was higher after the 200 mg dose than after the 100 mg
dose, This dose-dependency in fraction absorbed reflected a 16.4% mean
decrease in individual oral clearance values as the dose was increased.
Despite the large degree of intersubject variability, the differences in
fraction absorbed and oral clearance between the two dose levels were
statistically significant. However, significant differences between

males and females or between smokers and nonsmokers were not observed
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Table XXII. Pharmacokinetic parameters (mean + S.D.) of
metoprolol as a function of smoking status
and gender.

Pharmacok inetic® Smoking Status Gender All
Parameter Subjects
Nonsmokers Smokers Males Females

s (heh)® 0.2462  0.2082  0.2338 0.2162  0.2250
=0,0784 =0.0718 =0.0902 :=0.0604 =0.0750
v, (hr)© 2.8 3.3 3.0 3.2 3.1
¢ =0.9 =1.1 =1.1 =0.9 =1.0

1, (L/min)? 0.81 0.91 0.97  0.76 0.87
=0.26 =0.27 =0.27 =0.22 =0.26

v, M€ 203.0  273.41 2667 217.4  242.1
z49,2 =58.4 =66.8 =53.6 z60.2

vss (L)f 172.0  235.4%  209.5  205.1  207.3
=42.8 =41.7 =53.5 =53.9 =52.1

MRT (hr)é 4.1 4.8 3.9 5.1 4.5
1.6 z1.5 =1.0 z1.8 1.4

(c1o)ngL/'min)h 2.23 2.75 3.05 1.9 2,52
=1.48 =1.31 =1.59 =0.93 =1.37

(Clo) ,fL/min) * 1.83 2.21 2.61  1.48 2.04

- =1.58 =1.05 =1.56 =0.58 =1.29
F o0 0.454 0,404 0.407  0.445  0.426"
=0.182 =0.210 =0.222 =0.174 =0.194
F 00 0.573  0.456 0.453  0.563  0.508
- =0.195 =0.137 z0.174 =0.158 =0.171
a Parameter calculations based on data available from eighteen
subjects (10 smokers and 8 nonsmokers; 9 males and 9 females).

b Terminal phase dispositicn rate constant.

¢ Half-life expressed as harmonic mean = pseudo standard deviation.

d Total body serum clearance.

e Apparent volume of distribution during post-distributive phase.

f Apparent volume of distribution at steady-state.

g Mean residence time.

h Apparent oral clearance following the 100 mg dose.

i Apparent oral clearance following the 200 mg dose.

j Systemic availability, 100 mg dose.

k Systemic availiability, 200 mg dose.

1 Statistically significant, smokers versus nonsmokers.

m Statistically significant, 100 mg dose versus 200 mg dose.
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for either of these two oral pharmacokinetic parameters.



CHAPTER 4

DISCUSSION

Propranolol and metoprolol are extensively metabolized with more
than eighteen propranolol metabolites having been identified in various
animal species and man. Thus, it was essential that a specific and
sensitive analytical procedure be used to adequately examine the
pharmacokinetic characteristics of these compounds. The sensitivity and
specificity of the HPLC methods described here meets these criteria and
is adequate for the analysis of propranolol and metoprolol following the
administration of single intravenous and oral doses.

The major goals of the present studies were to determine the
influence of cigarette smoking and gender on the disposition of two
commonly used f( -blockers, propranoclol and metoprolol. It is now
recognized that drug disposition is largely determined by the degree of
binding in blood and tissue, the activity of drug-metabolizing enzymes
and the rate at which drugs are delivered to sites of elimination (i.e.,
blood flow) (Wilkinson and Shand 1975). Thus, sex-related or
smoking-induced alterations in one or more of these biological
determinants may influence drug disposition. The data obtained from the
present study demonstrate that totai body clearance of propranolol after
intravenous dosing was significantly higher (32%) in smokers than in
nonsmokers. In the only other study which has examined systemic

propranolol clearance as a function of smoking status, Vestal and Wood
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(1980) found a modest (28%) but statistically insignificant higher
clearance in smokers when compared to a separate group of nonsmokers.
Assuming a liver blood flow of 1.53 L/min (Bradley, Ingelfinger and
Bradley 1952), the magnitude of clearance observed in the present study
(0.57 L/min) suggests that systemic propranolol clearance is equally
dependent on liver blood flow, protein binding and liver enzyme
activity. Thus, the smoking-induced increase in propranolol clearance
observed here could be due to alterations in one or more of these three
biological determinants.

Other investigators have observed that smoking does not alter
the binding of propranolol to plasma proteins (Benedek et al. 1984;
Vestal et al. 1979; Feely, Crooks and Stevenson 1981). In addition,
oral clearance, which is a measure of hepatic enzyme activity, was of
similar magnitude in the smokers and nonsmokers examined in the present
study. These findings suggest that alterations in liver blood flow,
rather than in protein binding or enzyme activity, are responsible for
the smoking-induced increase in systemic propranolol clearance. Liver
blood flow was not measured in the present study. However, metoprolol
clearance, which was greater than propranolol clearance in these
subjects, and thus should be more dependent on liver blood flow, did not
differ among smokers and nonsmokers. This finding suggests that
alterations in liver blood flow are also not responsible for the higher
propranclol clearance seen in smokers. The latter conclusion depends on
the assumption that metoprolol and propranolol do not alter liver blood

flow themselves or alter it to the same degree. Westaby and coworkers
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(1984) recently compared the capacity of these two agents to reduce
liver blood flow in man. They demonstrated that when given in
comparable intravenous doses, propranolol reduced hepatic blood flow by
a mean of 20.4%, while there was no significant change with metoprolol.
Thus, the potential exists that selective reduction in liver blood flow
by propranolol but not metoprolol occurred in the present study and that
the effect is greater in nonsmokers than smokers.

As discussed in Chapter 1, the most common pharmacokinetic
effect of smoking is a change in drug metabolism as a result of enzyme
induction. Provided that a drug is completely absorbed from the gut and
eliminated only by the liver, the venous equilibrium model for hepatic
clearance predicts that apparent oral clearance is a measure of
intrinsic clearance (Wilkinson and Shand 1975). Propranolol and
metoprolol appear to fulfill these conditions (Nies, Evans and Shand
1973; Paterson, Conolly and Dollery 1970; Branch, Nies and Shand 1973;
Shand, Kornhauser and Wilkinson 1975; Regardh et al. 1974; Regardh et
al. 1975), and therefore, oral clearance should be a good indicator of
drug metabolizing activity. A comparison of oral clearance values in
the present investigation shows that smokers and nonsmokers have a
similar capacity to metabolize propranolol and metoprolol. While this
is the first report which has examined the influence of smoking on
metoprolol disposition, there have been studies with propranolol which
both support (Hitzenberger et al. 1982) and refute (Vestal et al. 1979;
Gardner, Cady and Ong 1980) this observation. Collectively, these

studies support the observation made by Jusko (1978) that one of the
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principle characteristics of smoking on drug disposition is the lack of
predictability.

It should be noted that all studies to date have only examined
the disposition of racemic propranolol. Thus the potential for
smoking-induced stereoselective effects on g-blocker disposition still
exists. Such effects may be important for these drugs since f-blockade
is primarily the result of the l-enantiomer (Barrett and Cullum 1968).

While smoking had no effect on metoprolol clearance, it did have
a significant effect on the distribution characteristics of this
selective f-blocker. The mean Vss value was 37% larger, while that of W3
was 35% larger in smokers than in nonsmokers. Similarly, the volume of
distribution of propranolol was also larger in smokers than in
nonsmokers but this difference was not statistically significant. A
larger volume of distribution in smokers is difficult to rationalize.
The observed values for volume of distribution (approximately 200 L) are
consistent with other reports in the literature (Shand 1970; Regardh et
al. 1981) and indicate that both drugs distribute extensively into
extravascular tissues. Consequently, smoking-induced increases in
volume of distribution could result from decreased plasma protein
binding or increased tissue binding. Although protein binding was not
evaluated in the present study, other investigators have confirmed that
smoking does not alter the binding of propranolol in plasma (Benedek et
al. 1984; Vestal et al. 1979; Feely, Crooks and Stevenson 1981).
Metoprolol binding to serum proteins is only 12% (Regardh and Johnsson

1980), and therefore, alterations in this parameter would have little
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influence on volume of distribution. As a result, increased tissue
binding represents the most likely reason for increased volume of
distribution of these drugs in smokers. In this regard, healthy
volunteers exposed to carbon monoxide for 3 to 5 hours (mean
carboxyhemoglobin (COHb) 23%) exhibit increased extravascular escape of
albumin as a result of increased capillary permeability (Parving 1972).
Although the lower COHb levels (3-10%) produced by carbon monoxide in
cigarette smoke (U.S. Department of Health, Education and Welfare 1979)
may produce similar effects, there are no published studies which have
examined the effect of chronic cigarette smoking on capillary
permeability. Therefore, the mechanism for the observed smoking-induced
increase in @-blocker volume of distribution is unknown.

The second major goal of this investigation was to compare the
disposition kinetics of propranolol and metoprolol in males and females.
Although the small number of subjects evaluated does not allow one to
arrive at a definitive conclusion that no differences exist, the data do
imply that sex-linked differences in propranolol and metoprolol
disposition are of low magnitude and do not warrant modifying dosage as
a function of sex.

In addition to examining the influence of these two host factors
on p-blocker disposition, the results presented also provide evidence
of variable presystemic (first-pass) elimination of propranolol and
metoprolol following single oral doses. Calculated values of fraction
absorbed showed variability which is comparable to that observed by

others (Wood et al. 1978; Jordo et al. 1980). Furthermore, mean values
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of fraction absorbed increased disproportionately as the dose of each
compound was increased, This phenomenon of dose-dependent pre-systemic
availability is consistent with the observed decline in oral clearance
as dose was increased. Both single and multiple dose studies in man
have indicated that first-pass biotransformation of oral propranolol and
metoprolol is dose dependent. Shand and Rangno (1972) initially
proposed that an avid intrahepatic binding site had to be saturated
prior to appearance of propranolol in the blood. They postulated that
doses greater than 30 mg ('threshold dose') saturate this binding
process and thus a larger fraction of the higher doses reach the
systemic circulation., However, this nonlinear relationship and
'threshold dose' concept have been disputed. Gomeni et al. (1977),
using a sensitive GLC assay, reported a linear relationship between area
under the curve and dose following oral administration of 10, 20 and 40
mg doses of propranolol. Subsequently, Mackichan, Pyszczynski and Jusko
(1980) reported an extrapolated 'threshold dose' of 6.5 mg after
administrating single oral doses of 10, 40 and 80 mg to healthy
volunteers. In their discussion these latter investigators suggested
that such a ‘'threshold dose' may be artifactual. More recently, Wargin
et al. (1982) may have clarified this controversy by providing evidence
that a 'threshold dose' is observed in some patients but not in others.
In the present study, marked intersubject differences were noted in oral
clearance (1.02 to 6.27 L/min and 0.65 to 5.59 L/min for propranolol and
metoprolol, respectively), and in the extent to which oral clearance was

decreased by increasing the dose of propranolol (58% to -53%) and
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metoprolol (43 to -44%). While the existence of a 'threshold dose'
remains debatable, the present data suggest there is definite
nonlinearity in the absorption of propranolol and metoprolol, and there
is marked intersubject differences in the ability of the liver to

extract or metabolize these drugs on their first-pass through the liver,
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5-FLUOROURACIL IN PATIENTS WITH COLORECTAL CARCINOMA
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SUBJECT'S CONSENT FORM FOR THE STUDY ENTITLED

PHARMACOKINETIC STUDIES OF 5'-DEOXY-5-FLUOROURIDINE AND 5-FLUOROURACIL

IN PATIENTS WITH GASTRIC AND COLORECTAL CARCINOMA

You are being asked to voluntarily participate in the above
study. The primary purpose is to determine the amount of these two
anti-cancer drugs in your blood and urine at different times after
intravenous administration. This information will be useful in
examining the way the body handles or disposes of these drugs. Although
the doses of drug given to you in this study may not benefit you
directly, it would be of value to society to know how the body handles
these drugs so that more appropriate doses can be chosen to benefit
patients requiring these medications in the future.

This project will be conducted entirely in the Dunedin Public
Hospital. The entire study should last approximately two weeks. The
study will involve three stages - an initial visit to Dr. Ralph Edwards,
trial period 1 and trial period 2.

Initial Visit To Dr. Edwards

During this visit you will be given a general check-up and blood
samples will be taken for blood tests to make sure that you have no
unrecognized medical problems such as liver or kidney disease.

Trial Period 1 and Trial Period 2

At each of these two visits you will receive a single intravenous
dose of 5-fluorouracil or doxifluridine (5dFUR).

On each day you may have a light breakfast (say two slices of toast
and a drink of tea or coffee).

A small tube will be placed into a vein in your arm. The placement
of this tube will involve a needle stick into your arm vein, and
possibly some small pain and bruising. Approximately one ounce of
blood will be taken immediately and you will then be given the dose
of medication into the opposite arm using a small pump. A physician
will be available throughout the period of drug administration.

Blood samples will be obtained through the arm tube at three times
during the drug administration and at the following times after
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administration: 0,2,5,10,20,30,45,60,90,120,150,180,210,240 and 300
minutes. Each blood sample will have a volume equal to one-third
(1/3) of an ounce or two (2) teaspoonsful. The total volume of
blood that will be taken during each day will be 190 ml or about six
and one-half ounces.

In addition, you will be asked to provide a urine sample before the
drug is given. Once the drug is given, you will be asked to collect
all urine into a container for five (5) hours.

At each of the two visits you will probably spend a total of seven
(7) hours in the hospital.

The intravenous administration of these medications may result
in heart problems, mental dysfunction such as loss of balance or
decreased number of white blood cells. However, the slow administration
of similar doses has been well tolerated by most patients. The blood
sampling may result in a bruise and possibly an infection in your arm.

In the event of physical injury during the research procedure,
emergency medical treatment will be available at Dunedin Public
Hospital. This emergency medical treatment will be available at no
expense to you.

You may inquire at any time and receive answers to any questions
relevant to this project. Dr., Edwards is available to answer your
questions. The personnel of the Toxicology Research Unit, Pharmacy
Department and Dunedin Public Hospital will know your identity, however
only your initials will be reported to the drug company which is
providing support for this project.

CONSENT STATEMENT

I have read the above subject's consent form., The major
demands, risks and benefits of the project have been explained to me. I
understand that I may be given one or both of these similar drugs
intravenously and that although 5dFUR is at present an experimental
compound, appropriate safety studies have been completed. I also
understand that the Otago Hospital Board Ethics Committee and the
Department of Health have approved this study and that I may ask
questions and am free to withdraw from the project at any time without
incurring ill will or affecting my medical care. A copy of this consent
form is available to me upon request.

Subject's Signature Date

Witness's Signature Date



APPENDIX B

PLASMA 5-FLUOROURACIL CONCENTRATIONS VERSUS TIME DATA
AFTER INFUSION OF 7.5 MG/KG AND 15 MG/KG 5-FLUOROURACIL

TO PATIENTS WITH COLORECTAL CARCINOMA
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DOSE = T7.31 mg/kg

SUBJECT CF

DOSE = 14,07 mg/kg

TIME 5-FU
(min) (ug/ml)
0.00 0.00
6.50 12.49
12.02 21.39
16.58 23.70
25.02 31.59
26.33 26.74
29.91 20.64
35.93 13.66
39.22 12.89
46.07 T.45
51.00 4,91
54,20 4.63
60.70 2.66
70.05 1.37
73.97 0.82
84.33 0.32
94,43 0.15
104.6 0.07

TIME 5=-FU
(min) (ug/ml)
0.00 0.00
5.22 6.66
10.10 9.97
15.03 11.27
24.62 13.27
26.22 10.87
29.27 6.50
34.09 3.78
39.39 1.75
44,04 0.88
49,02 0.53
54.19 0.29
59.09 0.15
64.25 0.12
74.02 0.04a
a

Sample quantitated using a separate standard
curve ranging from 0 to 50 ng/ml.
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SUBJECT PW

DOSE = T.11 mg/kg DOSE = 14.62 mg/kg

TIME 5-FU TIME 5=-FU
(min) (ug/ml) (min) (ug/ml)
0.00 0.00 0.00 0.00
5.07 5.73 4.95 10.51
10.15 6.61 10.03 14,55
15.35 7.97 15.08 20.09
24 .40 8.50 24.35 26.87
26.40 5.98 26.29 17.49
29.25 1.19 29.18 17.87
34,22 0.69 36.54 10.02
44,08 0.40 uy . 14 4,45
54.10 0.18 54,22 2.67
70.05 0.05 69.40 1.02
85.52 0.53

114.10 0.08




SUBJECT JC

DOSE = T7.37 mg/kg

DOSE = 15.24 mg/kg

TIME 5-FU TIME 5=-FU
(min) (ug/ml) (min) (ug/ml)
0.00 0.00 0.00 0.00
5.12 4,80 5.50 11.80
10.75 6.98 9.83 16.24
14,98 9.47 15.15 22.78
24.17 12.13 24,21 32.51
25.92 T.22 26.31 25.51
28.99 4.13 29.21 22.15
34.07 1.28 34,06 15.14
44,04 0.20 44,28 T.20
54,04 0.05 54.60 2.59
66.93 0.01a 70.35 1.10
84.90 0.42

116.31 0.06

a

Sample quantitated using a separate standard
curve ranging from 0 to 50 ng/ml.
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SUBJECT WW

DOSE = T7.57 mg/kg

DOSE = 15.21 mg/kg

TIME 5=-FU TIME 5-FU
(min) (ug/ml) (min) (ug/ml)
0.00 0.00 0.00 0.00
5.35 7.90 5.27 16.47
10.57 8.89 10.87 19.22
16.32 9.30 15.38 25.55
24 .25 10.12 24.29 32.00
26.11 4,77 26,34 26.16
29.20 2.10 29.75 18.36
34.30 0.82 36.05 11.76
4y,13 0.22 44,35 5.33
54.48 0.07 56.94 1.78
70.10 0.01a 70.44 0.71
84.69 0.27
115.35 0.02a
a Sample quantitated using a separate standard

curve ranging from 0 to 50 ng/ml.
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SUBJECT JH

DOSE = T7.21 mg/kg DOSE = 14.71 mg/kg

TIME 5=FU TIME 5=-FU
(min) (ug/ml) (min) (ug/ml)
0.00 0.00 0.00 0.00
5.03 3.37 6.27 6.76
10.10 5.36 11.40 12.07
15.08 7.90 16.38 18.93
24,47 6.08 24,56 21.38
26.60 5.63 26.06 22.85
29.30 3.10 29.26 18.76
34.52 1.01 34.01 10.51
4y .25 0.22 43.95 7.09
54.42 0.17 54,61 3.70
69.47 0.02a 85.80 1.92
116.03 0.49

143.93 0.26

176.61 0.06

a Sample quantitated using a separate standard
curve ranging from 0 to 50 ng/ml.



SUBJECT LM

DOSE = 7.08 mg/kg

DOSE = 14.13 mg/kg

TIME 5-FU TIME 5-FU
(min) (ug/ml) (min) (ug/ml)
0.00 0.00 0.00 0.00
5.13 6.15 5.38 0.35
10.23 6.85 10.22 1.27
15.52 7.84 15.20 13.63
24.50 T7.73 24,13 10.91
26.01 3.49 26.00 6.10
29.18 1.21 29.17 h,72
34.28 0.39 34.02 4.11
4y .21 0.10 44,03 3.37
54.08 0.04a 53.92 2.56
69.80 1.73
86.30 0.83

114.65 0.52
145,70 0.26

176.00 0.12

a Sample quantitated using a separate standard

curve ranging from 0 to 50 ng/ml.
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APPENDIX C

PLASMA 5-FLUOROURACIL CONCENTRATIONS VERSUS TIME PLOTS
AFTER INFUSION OF 7.5 MG/KG ( O ) AND 15 MG/KG ( @ )

5-FLUOROURACIL TO PATIENTS WITH COLORECTAL CARCINOMA
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APPENDIX D

PLASMA 5'-DEOXY~5-FLUOROURIDINE AND 5-FLUOROURACIL CONCENTRATIONS
VERSUS TIME DATA AFTER INFUSION OF 2 G/M2 AND 4 G/M2

5'~-DEOXY-5-FLUOROURIDINE TO PATIENTS WITH COLORECTAL CARCINOMA
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SUBJECT LS

DOSE = 2.02 g/sq m DOSE = 4,06 g/sq m

TIME 5tdFUR 5-FU TIME 5'dFUR 5-FU
(min) (ug/ml) (ug/ml) (min) (ug/ml) (ug/ml)
0.00 0.00 0.00 0.00 0.00 0.00
5.32 75.40 3.91 5.42 67.12 3.47
10.23 86.71 .97 10.37 120.55 6.53
15.13 97.93 5.96 15.47 168.64 8.12
24 .40 141.08 T.16 24 .80 259.69 10.49
26.55 109.06 6.62 26.61 228.55 11.05
29.77 75.09 4,82 29.53 187.95 9.75
34.54 59.25 3.88 36.21 149.84 8.04
4y 25 35.59 2.16 44,73 110.73 5.91
54,72 22.29 1.24 55.11 78.53 4.u3
69.72 14.33 0.74 69.76 54.66 2.54
86.72 T.70 0.37 84.85 32.32 0.u7
114,22 2.93 0.12 114.81 12.42 0.17
144,09 0.80 0.03 145.21 4,97 0.07

174,44 0.20 a 174.63 1.33 a

204 .39 0.08 a 204,73 0.28 a

234.53 0.1 a

a Below detectable quantity. a Below detectable quantity.
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SUBJECT GW

DOSE = 2.27 g/sq m DOSE = 4,09 g/sq m

TIME 5'dFUR 5-FU TIME 5'dFUR 5-FU
(min) (ug/ml) (ug/ml) (min) (ug/ml) (ug/ml)
0.00 0.00 0.00 0.00 0.00 0.00
5.28 40.78 7.82 5.98 115.02 12.55
10.28 56.84 13.66 10.15 187.54 17.52
15.87 78.27 15.96 15.08 202.96 18.41
23.64 116.15 21.03 25.01 260.78 20.13
25.64 73.23 13.41 27.05 202.27 19.50
28.96 51.23 10.79 29.70 159.48 18.28
33.65 29.94 8.61 35.23 118.15 14.91
43,72 13.70 4.16 45.10 74.53 10.67
53.72 T.21 2.13 54.78 50.13 8.ul4
68.55 3.12 0.79 70.78 28.87 5.38
83.75 1.51 0.39 85.48 14.55 2.63
127.19 0.26 0.07 115.00 4.96 0.98
143.62 0.14 0.04 145.78 1.88 0.44
174.62 0.05 a 176.53 0.43 0.10
205.75 0.10 0.04

a Below detectable quantity.
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SUBJECT NM

DOSE = 1.93 g/sq m DOSE = 3.96 g/sq m
TIME 5'dFUR 5-FU TIME 5'dFUR 5-FU
(min) (ug/ml) (ug/ml) (min) (ug/ml) (ug/ml)
0.00 0.00 0.00 0.00 0.00 0.00
4,98 34.52 1.35 4.88 T4.48 3.46
10.10 52.86 2.60 9.85 119.83 6.38
15.03 69.31 3.65 14,97 170.78 8.38
24,95 79.86 4,28 25.43 223.70 10.18
26.77 73.88 4,16 27.39 184.86 9.70
29.83 58.79 3.17 30.39 163.01 9.10
35.02 47,54 2.53 35.49 134.56 7.43
4y,97 35.90 1.64 45,39 94 .04 5.22
54,72 24.85 1.10 55.39 78.91 4,17
69.95 14,67 0.65 70.44 45.07 3.23
85.10 8.u2 0.35 85.37 35.39 1.84
114.72 3.58 0.11 115.97 15.75 0.71
144 .87 1.31 0.03 146.27 4.97 0.24
176.42 0.36 a 175.50 2.07 0.10
204,93 0.20 a 205.60 0.84 0.04
235.08 0.127 a 235.37 0.32 a
266.27 0.043 a 268.55 0.118 a

a Below detectable quantity. a Below detectable quantity.

LGl



SUBJECT RA

DOSE = 1.94 g/sq m DOSE = 3.85 g/s@ m
TIME 5'dFUR 5-FU TIME 51'dFUR 5-FU
(min) (ug/mi1) (ug/ml) {min) (ug/ml) (ug/mi)
0.00 0.00 0.00 0.00 0.00 0.00
4,97 68.01 2.88 5.25 57.86 3.10
9.93 92.67 5.61 10.12 137.69 7.34
15.02 110.10 6.43 15.13 149.40 8.48
24.80 117.84 7.33 24,80 190.28 9.82
27.09 104.20 6.85 27.39 177.06 10.97
29.09 84.96 5.27 30.10 152.10 10.16
34.25 62.83 3.94 34.39 130.18 9.80
4y .34 4y, 08 2.90 4y 45 105.42 8.07
54,22 32.58 1.98 54.67 77.31 6.814
69.30 21.45 1.27 69.49 60.87 5.46
84.32 15.32 0.49 84,72 B1.17 4.12
114,45 6.67 0.14 115.27 19.57 2.05
144 .52 2.10 0.06 146.04 8.47 0.86
175.82 0.56 a 175.17 4.58 0.42
204 .52 0.31 a 206.04 1.19 0.10
234.82 0.109 a 234.77 0.70 0.06
271.57 0.192 a
a Below detectable quantity. a Below detectable quantity.
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SUBJECT AM

DOSE = 2.00 g/sq m DOSE = U4.06 g/sq m
TIME 5'dFUR 5-FU TIME 5t'dFUR 5-FU
(min) (ug/mi) (ug/ml) {min) (ug/ml) (ug/ml)
0.00 0.00 0.00 0.00 0.00 0.00
4.85 67.36 1.13 5.00 149,32 5.29
12.13 107.67 .16 11.20 228.18 9.03
17.47 109.35 4.26 16.12 254.39 10.09
24 .43 136.62 4.71 24.25 328.93 11.53
26.47 132.47 4,94 26.11 280.24 11.146
29.20 96.08 4,29 29.11 216.14 10.10
35.22 71.89 3.35 34.11 161.87 8.12
4,78 48.81 2.14 4y 25 114.81 6.08
54,25 32.58 1.13 54,11 86.53 .31
69.40 16.92 0.65 T70.33 54.49 2.70
88.62 9.38 0.31 84.11 41,40 2.07
114.23 3.66 0.14 114.63 19.18 0.84
144.25 1.54 0.05 144,20 9.87 0.36
175.08 0.55 a 174.13 4,28 0.16
205.00 0.36 a 204.13 1.88 0.08
234.55 0.16 a 236.06 0.86 a
264,20 0.07 a 264.13 0.49 a
a Below detectable quantity. a Below detectable quantity.
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SUBJECT MS

DOSE =z 2.04 g/sq m DOSE = 4.10 g/sq m

TIME 5'dFUR 5-FU TIME 5!'dFUR 5-FU
(min) (ug/ml) (ug/ml) (min) (ug/ml) (ug/ml)
0.00 0.00 0.00 0.00 0.00 0.00
5.03 50.05 2.34 5.05 108.78 6.87
-10.03 66.24 3.93 10.03 210.44 12.75
14.93 111.01 5.75 15.23 258.145 15.26
24.50 145.29 6.51 24,53 336.10 18.89
26.00 131.04 6.46 26.17 321.22 18.91
28.94 102.00 5.60 29.30 259.98 17.20
34,04 88.67 5.01 34.37 234.09 15.91
4y .75 64,01 3.20 yy 27 186.24 14,84
54.07 48 .89 2.4y 54,43 148.02 12.26
69.69 34.00 1.03 69.25 134.55 9.64
85.07 17.03 0.62 84,53 111.05 9.44
114.22 5.72 0.20 114.23 68.64 5.71
144,80 1.64 0.09 144,23 35.67 3.02
174.20 0.38 a 174.52 17.71 1.54
204,24 0.10 a 204,93 6.50 0.55
234.60 a 0.20
265.98 1.40 0.085

327.72 0.18 b
a Below detectable quantity. a Sample storage container broke.

b Below detectable quantity.
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APPENDIX E

PLASMA 5'~DEOXY-5~FLUOROURIDINE AND 5-FLUOROURACIL CONCENTRATIONS
VERSUS TIME PLOTS AFTER INFUSION OF 2 G/M2 ( O 5'DFUR; O 5-FU)
AND )4 G/M2 ( m 5'DFUR; ® 5-FU) 5'-DEOXY-5-FLUCROURIDINE

TO PATIENTS WITH COLORECTAL CARCINOMA
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APPENDIX F

HUMAN CONSENT FORM:
THE EFFECTS OF CIGARETTE SMOKING ON

PROPRANOLOL AND METOPROLOL DISPOSITION
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SUBJECT'S CONSENT FORM FOR THE STUDY ENTITLED

THE _EFFECTS OF CIGARETTE SMOKING ON

PROPRANOLOL AND METOPROLOL DISPOSITION

You are being asked to voluntarily participate in the above
study. The primary purpose of this project is to show whether persons
who are cigarette smokers, and presumably have minimal airways disease,
develop changes in breathing tests while taking oral metoprolol or
propranolol therapy. Secondly, we will be determining the concentration
of these two drugs in your blood at different times after both oral and
intravenous administration. This information will be useful in
examining how smoking affects the way the body handles or disposes of
these drugs. The reason you have been selected for this study is
because you are a smoker who has normal pulmonary function testing (or
you are a nonsmoker with normal pulmonary function who is the same age
and sex as one of the smoking subjects). People who are cigarette
smokers have some minimal airways disease which is usually not detected
on routine pulmonary function testing. Since both medication
(propranolol and metoprolol) are widely used to treat high blood
pressure, it would be of value to society to know whether either drug
causes significant side effects or deterioration in pulmonary function
in persons who are cigarette smokers.

This project will be conducted entirely in the Pulmonary
Function Laboratory at the Tucson V.A. Medical Center. Hospitalization
is not required. The entire study will last seven weeks. During the
first five weeks you will receive varying single doses of metoprolol,
propranolol and placebo (sugar pill) orally and during weeks 6 and 7 you
will receive an intravenous dose of propranolol and metoprolol.

At each weekly visit to the laboratory during the first five
weeks of the study, you will have a series of breathing tests that will
take approximately 20 minutes to perform. Some tests will be performed
using air and some using oxygen with helium. You will also have an
electrocardiogram and blood tests to make sure that you have no
unrecognized medical problem, particularly heart trouble. In addition,
a small catheter will be placed into a vein in your arm. The placement
of the catheter will involve a needle stick into your arm vein with some
small pain and bruising. Approximately one ounce of blood will be taken
from your arm for initial evaluation. You will then be given one oral
dose of a study medication and the breathing tests will be repeated at
hourly intervals over the next five hours. Blood samples will be
obtained through the catheter just prior to your receiving each oral
medication and at the following times after administration: 30, 60, and
90 minutes and 2, 3, 5, 7 and 10 hours. Each blood sample will have a
volume equivalent to one-third (1/3) of an ounce or two (2)
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teaspoonsful. The total volume of blood that will be taken during each
day will be 110 ml or about four (U4) ounces. You will probably spend a
total of 10 1/2 hours in the laboratory for each visit. The oral
medication you will receive at each of the five visits will vary. One
time you will receive a placebo (sugar pill). One time you will receive
propranolol 80 mg and one time you will receive propranolol 160 mg., On
another occasion you will receive metoprolol 100 mg and on another
occasion you will receive metoprolol 200 mg. You will not know which
medication you are receiving, however the laboratory personnel will know
what medication you have been given in case there is a significant side
effect. Since these oral doses of medications are commonly taken by
people with heart disease and hypertension, and have been shown to be
well tolerated in normal individuals, the only side effect you are
likely to encounter is a decrease in your heart rate and a slight amount
of fatigue. The blood sampling may result in a bruise and possibly an
infection on your arm.

On your sixth and seventh visit to the laboratory you will be
given one intravenous injection of a study medication and a small
catheter will be placed into a vein in your arm as in the previous five
visits. Blood samples will be obtained through this catheter just prior
to your receiving propranolol and metoprolol and the following times
after administration: 0,5,15,30 and 60 minutes and 2,3,5,7 and 10 hours.
Each blood sample will have a volume of one-third (1/3) of an ounce or
two (2) teaspoonsful. During each day a total of eleven (11) blood
samples will be obtained with a total volume of 110 ml or approximately
four (4) ounces of blood. You will probably spend a total of 10 1/2
hours in the laboratory for each of the two visits. In addition to the
blood samples, your blood pressure and heart rate will be monitored
during the study and an electrocardiogram will be performed at various
times to monitor the effect of both medications on your heart. The type
of medication you will receive at each visit during the sixth and
seventh visit will vary. One time you will receive propranolol 20 mg
intravenously and one time you will receive metoprolol 20 mg
intravenously. You will not know what medication you are receiving,
however the laboratory personnel will know what medication you have been
given in case there is a significant side effect. The intravenous
administration of these medications potentially may result in heart
failure, very low blood pressure or shortness of breath. However, the
slow administration of similar doses in normal individuals has been well
tolerated and the only side effects you are likely to encounter are a
slight decrease in your heart rate and a slight amount of fatigue. or
weakness.

During the seven weeks of the study a total of 770 ml of blood
will be collected. This quantity is equal to about two (2) units of
blood taken at a blood center. Because of this, you should not
volunteer to give blood for at least two months after participating in
this study.
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You will be paid to do this study and the entire study will be
done at no cost to you. You will be paid $20 on each of the first six
visits and $230 when you complete the study (total $350).

In the event of physical injury during the research procedure
emergency medical treatment is available at the Tucson V.A. Medical
Center. This emergency medical treatment will be available at no
expense to you. If you require hospitalization, you will be admitted to
the Tucson V.A. Medical Center provided you are eligible for admission.
Financial compensation for wages or time lost is not available and if
you are not eligible for admission to the V.A, Medical Center, the cost
of hospitalization must be borne by you.

You may inquire at any time and receive answers to any questions
relevant to this research project. Dr. Campbell is available to answer
your questions. Confidentiality of your participation will be
maintained. The personnel of the Pulmonary Function Laboratory and the
Tucson V.A. Medical Center will know your identity, however, only your
initials will be reported to the drug company which is providing support
for this project and to the Food and Drug Administration (FDA). If you
have a medical chart at the Tucson V.A. Medical Center you are also
consenting to allow the sponsoring drug company or the FDA to compare
your medical record with the study records. These types of checks are
infrequent but are a necessary part of monitoring of drug studies by the
FDA., 1In addition, data or other information that has been uncovered in
this project may be used for other projects if the need arises.

CONSENT STATEMENT

I have read the above subject's consent form. The major
demands, risks and benefits of the project have been explained to me. I
understand that I may ask questions and that I am free to withdraw from
the project at any time without incurring ill will (or affecting my
medical care). I also understand that this consent form will be filed
at the Tucson V.A. Medical Center in the Pulmonary Section as well as a
second copy in the Hospital Pharmacy. Access to this consent form will
be restricted to the staff of the Pulmonary Section and College of
Pharmacy (those who will be measuring the amount of drug in the blood).
A copy of this consent form is available to me upon request.

Subject's Signature Date

Witness's Signature Date



APPENDIX G

SERUM PROPRANOLOL CONCENTRATIONS VERSUS TIME
AFTER INTRAVENOUS ADMINISTRATION OF 20 MG

PROPRANOLOL HYDROCHLORIDE TO HEALTHY VOLUNTEERS
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JA WB
Time (hr) Conc (ng/ml) Time (hr) Conc (ng/ml)
0.0 0.0 0.0 0.0
0.3 216.8 0.4 42.0
0.4 169.2 0.5 35.2
0.6 137.0 0.6 1.1
0.8 115.4 0.9 39.7
1.4 96.5 1.9 35.5
2.3 79.6 2.4 34.0
3.3 62.2 3.4 35.7
5.3 47.4 5.4 19.3
7.3 30.1 7.4 18.0
10.3 21.6 10.4 13.7
LT LH
Time (hr) Conc (ng/ml) Time (hr) Conc (ng/ml)
0.0 0.0 0.0 0.0
0.3 65.6 0.3 179.8
0.4 58.7 0.4 98.7
0.6 63.5 0.6 87.1
0.9 61.0 0.8 77.9
1.3 62.5 1.3 73.8
2.3 54.2 2.3 65.1
3.3 39.1 3.3 57.7
5.3 31.1 5.3 37.2
7.3 20.8 7.5 19.5
10.3 12.5 10.3 10.7
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DP BG
Time (hr) Conc (ng/ml) Time (hr) Conc (ng/ml)
0.0 0.0 0.0 0.0
0.3 184.2 0.3 134.2
0.4 103.1 0.4 82.3
0.6 83.1 0.6 75.9
0.9 79.1 0.8 61.6
1.3 69.3 1.3 60.3
2.3 58.0 2.3 7.5
3.4 41.3 3.3 30.9
5.4 27.5 5.3 19.3
T.3 18.8 7.3 13.0
10.0 12.3 10.3 7.8
EL PD
Time (hr) Conc (ng/ml) Time (hr) Conc (ng/ml)
0.0 0.0 0.0 0.0
0.3 200.5 0.4 109.9
0.4 78.9 0.5 94,3
0.6 T2.5 0.7 81.8
0.9 75.1 0.9 69.8
1.4 T1.1 1.5 70.1
2.4 58.9 2.7 55.9
3.3 53.5 3.6 52.6
5.3 35.2 5.7 36.6
7.6 21.5 T.7 25.9
10.4 15.6 10.5 16.0
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MJ SL
Time (hr) Conc (ng/ml) Time (hr) Conc (ng/ml)
0.0 0.0 0.0 0.0
0.3 147.8 0.3 86.0
0.4 87.0 0.4 Th4.6
0.6 82.4 0.6 66.3
0.8 68.7 0.8 59.3
1.3 55.7 1.3 57.5
2.3 48.7 2.3 51.0
3.3 4o.2 3.4 48.1
5.4 30.1 5.3 36.7
T.4 20.6 7.3 24.9
10.3 13.4 10.8 15.9
GA MR
Time (hr) Conc (ng/ml) Time (hr) Conc (ng/ml)
0.0 0.0 0.0 0.0
0.3 301.0 0.3 495.2
0.4 130.8 0.3 214.0
0.6 112.8 0.6 154.1
0.9 90.6 0.8 121.4
1.3 76.1 1.3 94.0
2.4 59.0 2.3 79.3
3.4 50.0 3.3 52.1
5.4 35.8 5.4 41.4
T.4 22.7 7.4 34.0
10.3 15.1 9.3 20.5
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LBW JR
Time (hr) Conec (ng/ml) Time (hr) Conc (ng/ml)
0.0 0.0 0.0 0.0
0.3 192.4 0.3 268.4
0.4 99.5 0.4 116.7
0.6 67.3 0.6 109.0
0.8 63.1 0.9 95.5
1.3 53.9 1.4 83.4
2.4 42.3 2.3 65.2
3.4 36.2 3.3 54.8
5.3 30.7 5.3 40.8
7.0 20.5 T.4 30.3
10.6 14,3 10.4 20.2
MN

Time (hr) Conc (ng/ml)

0.0 0.0
0.3 417.5
0.4 168.7
0.6 120.9
0.8 100.9
1.3 91.1
2.3 70.2
3.3 57.1
5.3 42.4
7.3 30.2
10.3 18.6




APPENDIX H

SERUM PROPRANOLOL CONCENTRATIONS VERSUS TIME
AFTER ORAL ADMINISTRATION OF 80 MG

PROPRANOLOL HYDROCHLORIDE TO HEALTHY VOLUNTEERS
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APPENDIX I
SERUM PROPRANOLOL CONCENTRATIONS VERSUS TIME
AFTER ORAL ADMINISTRATION OF 160 MG

PROPRANOLOL HYDROCHLORIDE TO HEALTHY VOLUNTEERS
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JA WB

Time (hr) Conc (ng/ml) Time (hr) Conc (ng/ml)
0.0 0.0 0.0 0.0
0.7 83.2 0.5 62.3
1.2 157.2 1.0 91.1
1.7 183.3 1.5 136.8
2.1 179.7 2.0 131.1
3.2 188.8 3.1 135.4
5.3 159.0 5.0 122.9
T.1 110.8 6.9 94,6

10.0 4.7 10.0 T0.7
LT LH

Time (hr) Conc (ng/ml) Time (hr) Conc (ng/ml)
0.0 0.0 0.0 0.0
0.5 18.4 0.6 194.5
1.0 70.5 1.2 273.3
1.6 104.2 1.6 261.4
2.1 94.8 2.1 231.7
3.4 79.2 3.1 211.1
5.0 58.8 5.1 1W7.7
7.0 41.7 7.0 90.9

10.0 27.0 i0.0 39.9
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DP BG
Time (hr) Conc (ng/ml) Time (hr) Conc (ng/ml)
0.0 0.0 0.0 0.0
0.5 22.4 0.5 34.0
1.0 66.8 1.2 82.6
1.5 92.6 1.5 78.2
2.0 91.7 2,0 91.1
3.1 99.0 3.0 87.9
5.1 83.2 5.2 68.0
7.1 58.0 7.1 39.9
9.8 35.4 9.9 21.2
EL PD
Time (hr) Conc (ng/ml) Time (hr) Cone (ng/ml)
0.0 0.0 0.0 0.0
0.7 32.9 0.5 63.6
1.3 151.8 1.2 114.0
1.8 226.3 1.6 121.5
2.2 235.6 2.1 121.8
3.2 238.6 3.1 103.0
5.1 197.1 5.8 66.0
T.1 125.9 7.2 55.9
10.2 69.5 10.2 33.8
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MJ SL
Time (hr) Conc (ng/ml) Time (hr) Conc (ng/ml)
0.0 0.0 0.0 0.0
0.5 29.3 0.6 12.1
1.0 105.7 1.1 54.5
1.7 116.6 1.6 59.6
2.1 120.5 2.0 58.9
3.1 131.9 3.6 63.0
5.2 100.1 5.1 58.5
7.0 63.1 7.1 40.9
9.0 51.4 9.8 35.3
GA MR
Time (hr) Conc (ng/ml) Time (hr) Conec (ng/ml)
0.0 0.0 0.0 0.0
0.5 24 .y 0.6 a
1.0 141.2 1.1 109.4
1.5 210.9 1.9 117.2
2.0 221.2 2.1 126.3
3.1 209.8 3.1 155.4
5.0 146.2 5.4 139.8
7.0 93.8 7.5 99.4
10.0 53.9 9.6 T4.9

a Below detectable quantity.
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NC FP
Time (hr) Conc (ng/ml) Time (hr) Conc (ng/ml)
0.0 0.0 0.0 0.0
0.5 41.1 0.6 15.2
1.2 201.9 1.0 26.6
1.5 253.8 1.5 59.6
2.0 221.5 2.2 53.0
3.0 234.2 3.2 55.8
5.1 202.3 5.1 35.2
6.8 168.1 7.1 24.0
9.6 90.8 10.1 1.5
LBW JR
Time (hr) Conc (ng/ml) Time (hr) Conc (ng/ml)
0.0 0.0 0.0 0.0
0.6 14.0 0.5 6.3
1.1 38.2 1.0 47.9
1.7 109.2 1.5 81.3
2.1 120.5 2.0 128.0
3.3 155.9 3.1 155.6
5.2 106.5 5.0 144 .5
T.1 83.6 7.8 103.8
10.0 65.8 10.0 4.7
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LBX SH
Time (hr) Conc (ng/ml) Time (hr) Conec (ng/ml)
0.0 0.0 0.0 0.0
0.6 26.1 0.5 66.4
1.2 207.2 1.1 208.0
1.5 216.0 1.5 242.4
2.0 259.2 2.1 235.6
3.0 253.6 3.1 193.2
5.1 191.6 5.6 131.3
7.0 151.2 7.2 96.7
10.3 84.9 10.0 34.6
MN

Time (hr) Conc (ng/ml)

0.0 0.0
0.6 38.4
1.1 174.3
1.5 182.9
2.1 162.3
3.0 146.6
5.0 102.2
7.2 81.8
10.1 53.3
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SERUM METOPROLOL CONCENTRATIONS VERSUS TIME
AFTER INTRAVENOUS ADMINISTRATION OF 20 MG

METOPROLOL TARTRATE TO HEALTHY VOLUNTEERS
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DP BG
Time (hr) Conc (ng/ml) Time (hr) Conc (ng/ml)
0.0 0.0 0.0 0.0
0.3 112.1 0.3 126.1
0.4 71.9 0.4 71.8
0.6 54.0 0.6 59.7
0.8 45.9 0.9 51.5
1.4 41.8 1.3 42.4
2.4 29.3 2.4 34.9
3.4 18.7 3.3 25.5
5.3 12.8 5.3 15.5
T.4 6.2 7.3 8.5
10.4 a 10.3 3.4
a Below detectable quantity
b Data point not used in regression analysis
EL PD
Time (hr) Conc (ng/ml) Time (hr) Conc (ng/ml)
0.0 0.0 0.0 0.0
0.3 105.8 0.4 99.5
0.4 93.6 0.5 64.9
0.6 74.8 0.7 61.4
0.8 63.4 1.0 52.1
1.3 53.7 1.3 51.3
2.3 49.7 2.5 42.5
3.3 39.1 3.5 30.5
5.5 27.0 5.5 19.1
7.3 19.6 7.5 10.8
10.3 12.6 10.6 a

a Below detectable quantity
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MJ SL
Time (hr) Conc (ng/ml) Time (hr) Conc (ng/ml)
0.0 0.0 0.0 0.0
0.3 127.4 0.4 T43.7a
0.4 87.4 0.5 73.3
0.6 61.5 0.6 56.7
0.9 59.2 0.8 k1.7
1.3 42,0 1.6 35.2
2.3 42.8 2.5 29.8
3.4 36.9 3.7 24,2
5.3 28.3 5.4 17.9
7.3 25.6 8.9 7.8
10.4 16.1 10.3 5.9
a Data point not used in analysis.
GA MR
Time (hr) Conc (ng/ml) Time (hr) Conc (ng/ml)

0.0 0.0 0.0 0.0
0.3 205.3 0.3 167.1
0.4 127.2 0.7 Th.2
0.6 86.8 0.9 4g.8
0.9 69.0 1.4 46.6
1.3 62.5 2.5 37.1
3.5 29.3 3.4 28.0
5.3 22,3 5.4 19.9
7.3 12.7 T.4 14.0
10.3 7.9 9.7 9.5
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NC FP
Time (hr) Conc (ng/ml) Time (hr) Conc (ng/ml)
0.0 0.0 0.0 0.0
0.3 165.3 0.3 377.5
0.4 122.0 0.4 113.5
0.6 56.6 0.6 71.3
0.8 46.9 0.9 40.9
1.3 34.3 1.4 34,4
2.4 27.2 2.4 23.3
3.3 17.7 3.3 16.2
5.3 13.9 5.3 6.8
7.4 6.7 7.3 3.2a
10.4 3.5a 10.3 b
a Data point not used in analysis
b  Below detectable quantity
LBW JR
Time (hr) Conc (ng/ml) Time (hr) Conc (ng/ml)
0.0 0.0 0.0 0.0
0.3 161.9 0.3 214.1
0.4 68.9 0.5 132.2
0.6 60.8 0.6 109.6
0.8 51.2 0.9 90.0
1.3 4y .3 1.5 67.7
3.0 31.9 2.3 4g.1
3.4 29.0 3.3 38.5
5.7 20.8 5.5 20.2
T.7 15.3 7.5 10.1
10.4 9.7 10.3 4.8
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LBX SH
Time (hr) Conc (ng/ml) Time (hr) Conc (ng/ml)
0.0 0.0 0.0 0.0
0.3 183.2 0.4 98.7
0.5 125.4 0.4 94.5
0.7 98.9 0.6 62.4
0.8 91.2 0.8 59.0
1.3 86.1 1.4 56.0
2.3 1.7 2.3 47.1
3.3 54,4 3.3 37.5
5.3 38.7 5.3 23.0
7.3 27.2 7.4 13.6
10.6 19.1 9.6 9.9
MN

Time (hr) Conc (ng/ml)

0.0 0.0
0.3 230.2
0.4 125.1
0.6 88.0
0.8 72.7
1.3 54.1
2.3 38.1
3.4 31.0
7.4 10.4
10.3 6.3




APPENDIX K

SERUM METOPROLOL CONCENTRATIONS VERSUS TIME
AFTER ORAL ADMINISTRATION OF 100 MG

METOPROLOL TARTRATE TO HEALTHY VOLUNTEERS
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MJ SL
Time (hr) Conc (ng/ml) Time (hr) Conc (ng/ml)
0.0 0.0 0.0 0.0
0.5 a 0.5 a
1.0 15.7 1.0 31.4
1.5 36.6 1.7 51.8
2.1 96.6 2.0 69.6
3.0 131.4 3.2 87.8
5.1 119.7 5.2 66.1
T.1 83.2 7.0 o,y
10.0 49,3 10.0 26.2
a Below detectable quantity.
GA MR
Time (hr) Conc (ng/ml) Time (hr) Conc (ng/ml)
0.0 0.0 0.0 0.0
0.5 66.3 0.6 12.3
1.0 202.6 1.0 84.6
1.5 175.6 1.7 87.5
2.1 172.4 2.0 81.0
3.0 120.9 3.1 66.7
5.0 T2.5 5.0 41.5
7.0 55.8 T.1 31.5
10.0 24,2 10.0 19.3
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NC FP
Time (hr) Conc (ng/ml) Time (hr) Conec (ng/ml)
0.0 0.0 0.0 0.0
0.5 27.2 0.7 41,2
1.1 98.6 1.0 oy.7
1.5 85.2 1.5 53.2
2.0 a 2.1 45.0
3.0 54.7 3.0 34.5
5.1 38.14 5.2 20.1
7.2 24.3 7.0 8.5
10.3 11.5 10.3 4,2
a Sample not collected.
MN JR
Time (hr) Conc (ng/ml) Time (hr) Conc (ng/ml)
0.0 0.0 0.0 0.0
0.6 100.1 0.6 56.5
1.0 200.1 1.0 156.1
1.5 151.8 1.5 167.1
2.0 114.9 2.0 202.7
3.0 90.8 3.0 166.3
5.1 54,7 5.1 98.8
7.0 38.4 7.2 65.3
10.2 14,7 9.6 48.5




191

SH

LBX

Conc (ng/ml) Time (hr) Conc (ng/ml)

Time (hr)

O~ 0T O TWO

---------
OO —MINMO M
MO AN =5 N«

OO INO ™ OO

QO N MUNWO
—

OO oA N v«

---------
QW MO o WD
— O NN~ Oo NN

— NN

050610101

001123570




APPENDIX L

SERUM METOPROLOL CONCENTRATIONS VERSUS TIME
AFTER ORAL ADMINISTRATION OF 200 MG

METOPROLOL TARTRATE TO HEALTHY VOLUNTEERS
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JA WB
Time (hr) Conc (ng/ml) Time (hr) Conc (ng/ml)
0.0 0.0 0.0 0.0
0.5 11.0 0.7 124.2
1.2 213.2 1.0 198.0
1.6 202.3 1.5 267.9
2.2 145, 1 2.1 265.1
3.3 102.7 3.0 233.7
5.1 77.8 5.2 188.1
T.1 ho.y T.1 152.3
10.1 20.5 9.9 112.0
LT LH
Time (hr) Conec (ng/ml) Time (hr) Conec (ng/ml)
0.0 0.0 0.0 0.0
0.6 92.8 0.6 86.7
1.0 215.9 1.2 212.3
1.5 227.2 1.6 214.2
2.0 207.5 2.3 173.6
3.0 177.5 3.0 139.3
5.0 113.0 5.2 83.5
7.0 T0.4 7.3 42.6
10.0 37.3 10.1 19.4
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DP BG
Time (hr) Conc. ng/ml) Time (hr) Conec (ng/ml)
0.0 0.0 0.0 0.0
0.5 T4.9 0.5 a
1.1 106.7 1.0 183.9
1.5 119.5 1.5 201.5
2.0 08.8 2.1 216.6
3.0 81.4 3.1 185.4
5.1 49.6 5.1 130.1
T.4 25.2 7.0 73.6
10.0 12.7 10.0 26.6
a Sample not collected.
EL PD
Time (hr) Conc (ng/ml) Time (hr) Conec (ng/ml)
0.0 0.0 0.0 0.0
0.6 15.3 0.7 167.5
1.0 91.5 1.2 234.9
1.6 231.5 1.5 245.0
2.0 244.0 2,2 210.3
3.1 153.0 3.0 176.5
5.1 133.7 5.1 100.4
7.0 72.5 7.0 57.1
10.1 4y, 10.0 23.6
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- MJ SL
Time (hr) Conc (ng/ml) Time (hr) Conc (ng/ml)
0.0 0.0 0.0 0.0
0.5 46.1 0.5 66.2
1.0 283.9 1.0 196.1
1.6 291.9 1.5 168.8
2.1 275.9 2.0 199.3
3.1 258.8 3.0 176.6
5.1 195.1 5.0 130.6
7.3 146.8 7.0 92.5
10.0 106.6 8.5 70.6
GA MR
Time (hr) Conc (ng/ml) Time (hr) Conc (ng/ml)
0.0 0.0 0.0 0.0
0.5 261.8 0.6 153.4
1.0 373.4 1.0 167.1
1.5 421.5 1.6 199.1
2.0 365.9 2.0 160.7
3.0 265.8 3.0 173.
5.0 184.6 5.0 123.0
7.0 136.4 7.3 76.6
10.0 75.2 9.9 53.9
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NC FP
Time (hr) Conec (ng/ml) Time (hr) Conec (ng/ml)
0.0 0.0 0.0 0.0
0.5 241.9 0.6 154 .8
1.0 264.5 1.1 126.4
1.5 225.7 1.6 76.8
2.1 193.9 2.1 78.4
3.1 148.1 3.1 54.5
5.0 106.0 5.2 28.9
7.0 72.5 T.1 17.3
10.2 38.4 10.0 8.2
LBW JR
Time (hr) Conc (ng/ml) Time (hr) Conc (ng/ml)
0.0 0.0 0.0 0.0
0.6 4.8 0.5 157.1
1.2 303.7 1.0 360.9
1.6 267.3 1.6 436.2
2.3 220.8 2.1 402.2
3.4 182.7 3.0 338.9
5.1 142.4 5.0 243.1
6.8 112.5 7.3 151.8
9.8 62.7 10.0 94,2
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LBX MN
Time (hr) Cone (ng/ml) Time (hr) Conc (ng/ml)
0.0 0.0 0.0 0.0
0.5 130.0 0.6 493.6
1.0 416.4 1.0 497.0
1.5 4ol 7 1.5 384.3
2.1 543.2 2.1 290.1
3.1 543.8 3.0 203.6
5.1 430.1 5.0 134.6
7.1 311.4 7.1 80.3
10.1 202.6 10.3 36.8

SH

Time (hr) Conc (ng/ml)

0.0 0.0
0.6 4.1
1.0 471.8
1.5 a
2.1 299.1
3.1 272.5
5.0 161.9
T.1 90.7
9.8 48.3

a Sample not collected.



APPENDIX M

PHARMACOKINETIC PARAMETERS FOR PROPRANOLOL AFTER
INTRAVENOUS ADMINISTRATION OF 20 MG PROPRANOLOL

HYDROCHLORIDE TO HEALTHY VOLUNTEERS
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GROUP SUBJECT T 8 AUC Vg Vss
(hr) (ar 1) (ug hr/L) (L) (L)
MALE, JA  0.32 4.1 0.170  709.9 141.9 0.4  133.3 1.8 5.7
SMOKER WB  0.35 5.6 0.123  360.1 387.3 5.0 390.0 5.0 8.1
LT 0.33 4.2 0.165  1418.1 2u8.6 3.3  288.9 3.3 6.2
LH  0.32 3.0 0.235  480.7 152.0 2.2 154.1 2.2 4.5
DP 0.33 3.3 0.209 44,9 184.4 2.4  175.0 2.2 4.7
FEMALE, BG 0.33 3.5 0.196  336.2 260.1 3.7 224.7 3.2 4.6
SMOKER EL 0.32 4.0 0.176 524 .4 186.4 2.5 179.1 2.5 5.6
PP 0.42 4.3 0.162  542.1 195.7 4.5  194.1 4.4 6.3
MJ  0.31 4.3 0.160  1450.1 240.9 2.9  227.2 3.3 6.0
SL 0.32 5.1 0.137  512.6 ou4.9 3.8 242.8 3.8 7.4
MALE, GA 0.33 3.9 0.176  564.0 172.9 2.7 152.8 2.4 5.2
NONSMOKER MR  0.32 3.9 0.17T  715.6 135.1 1.7 116.5 1.5 5.0
LBW 0.30 5.2 0.13%  1466.1 275.4 2.2 250.8 2.0 7.0
FEMALE, JR 0.33 4.8 0.14%  670.9 177.3 3.2 160.7 2.9 6.4
NONSMOKER MN  0.29 4.2 0.164  690.1 151.8 2.3 132.0 2.0 5.5
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PHARMACOKINETIC PARAMETERS FOR PROPRANOLOL AFTER
ORAL ADMINISTRATION OF 80 AND 160 MG PROPRANOLOL

HYDROCHLORIDE TO HEALTHY VOLUNTEERS
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a b c d
Group Subject t (AUC)po Clo F

80 mg 160 mg 80 mg 160 mg 80 mg 160 mg 80 mg 160 mg

MALE, JA 5.2 4.9 559.4 1849.3 2.09 1.26 0.201 0.333
SMOKER WB 6.1 T.1 456.5 1750.9 2.56 1.34 0.324 0.621
LT 4.0 4.3 306.1 717.0 3.82 3.26 0.187 0.219
LH 3.0 2.8 333.2 1573.7 3.51  1.49  0.177 0.418
DP 3.7 4.4 342.8  882.4% 3.41  2.65 0.197 0.254
FEMALE, BG 3.7 3.3  499.4  654.8 2.34%  3.57  0.380 0.2149
SMOKER EL 3.4 3.8 701.3 1887.4 1.67 1.24 0.342 0.460
PD 2.9 4.5 3349 954.,9 3.49 2.45 0.158 0.225
MJ 6.0 4.1 374.5 1085.8 3.12 . 2.15 0.210 0.304
SL 6.1 6.9 484.8 806.1 2.4 2.90 0.242 0.201
MALE, GA 3.4 3.5 486.1 1532.8 2.40 1.53 0.220 0.347
NONSMOKER MR 5.3 5.9  447.3 1701.8 2.61  1.37  0.160 0.304
NC b7 4.8 718.5 2293.0 1.63 1.02 e e
FP 3.5 3.1 200.6 373.2 5.83  6.27 e e
LBW 4.1 5.6 1489.6 1418.9 2.39  1.65  0.257 0.372
FEMALE, JR 3.7 5.3 726.1 1684.2 1.61 1.39 0.277 0.321
NONSMOKER LBX 4.8 4.6 604.5 2261.2 1.93 1.03 e e
SH 4.5 2.8  337.2 1434.5 3.47  1.63 e e
MN 3.5 5.0 495.3 1415.7 2.36  1.65  0.184 0.262

a Half-life, hr.

b Area under the serum concentration-time curve following
oral administration, ug hr/L.

¢ Apparent oral clearance, L/min.

d Fraction of the dose absorbed into the systemic circulation.

e Intravenous data not available.
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GROUP SUBJECT T t12 B AUC CL VB Vss MRT

(hr) (hr) (hrl) (ug hr/L) (L/min) (L) (L/kg) (L)  (L/kg) (hr)

MALE, JA 0.31 3.5 0.199 337.0 0.77 232.9 3.2 210.7 2.9 4.5
SMOKER WB 0.31 8.0 0.086 435.8 0.60 414.8 5.4 155.5 2.0 4.3
LT 0.30 3.4 0.204 261.7 0.99 292.8 3.9 280.3 3.8 .7
LH 0.30 2.6 0.268 204.3 1.27 285.1 4,0 272.6 3.9 3.6
DP 0.32 2.2 0.313 202.2 1.29 246.5 3.1 228.9 2.9 3.0
FEMALE, BG 0.31 2.6 0.272 240.4 1.08 238.7 3.4 222.3 3.2 3.4
SMOKER EL 0.32 4.3 9.162 421.5 0.62 229.4 3.2 217.3 3.1 5.9
PD 0.32 2.7 0.254 288.0 0.90 213.2 4,9 210.4 4.8 3.9
MJ 0.32 6.0 0.116 488.9 0.53 274 .4 3.3 262.8 3.2 8.2
SL 0.35 3.4 0.207 246.8 1.05 305.8 4.8 293.2 4.6 4.6
MALE, GA 0.32 3.5 0.200 367.1 0.71 213.3 3.4 172.7 2.7 4.1
NONSMOKER MR 0.33 4.0 0.173 343.8 0.76 262.5 3.4 221.1 2.9 4.9
NC 0.32 2.7 0.259 218.5 1.19 276.5 3.0 228.1 2.4 3.2
FP 0.31 1.7 0.402 220.6 1.18 176.0 2.2 116.0 1.5 1.6
FEMALE, JR 0.32 2.2 0.310 367.8 0.71 136.8 2.5 24,0 2.2 2.9
NONSMOKER LB 0.33 4.1 0.168 619.5 0.42 150.5 2.5 14,3 2.4 T.1
SH 0.33 3.1 0.223 339.3 0.77 206.3 3.3 204.2 3.2 .y
MN 0.32 3.0 0.234 331.0 0.79 201.9 3.0 167.3 2.5 3.5
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PHARMACOKINETIC PARAMETERS FOR METOPROLOL AFTER
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a b c d

Group Subject t (AUC)po Clo F

5
100mg 200 mg 100 mg 200 mg 100 mg 200 mg 100 mg 200 mg

MALE, JA 3.3 2.7 251.1 874.14 5.18 2.98 0.149 0.260
SMOKER WB 8.5 6.4 2004.9 2779.8 0.65 0.9% 0.920 0.638
LT 3.5 3.1 559.4 1291.5 2.33 2.02 0.4%28 0.494
LH 2.6 2.5 361.4 960.1 3.60 2.71 0.354 0.470
DP 3.1 2.6 349.7 571.2 3.72 4.56 0.346 0.283
FEMALE, BG 2.7 2.4 421.2 1251.8 3.09 2.08 0.351 0.521
SMOKER EL 2.7 3.4 509.4 1312.6 2.55 1.98 0.242 0.311
PD 2.7 2.5 405.5 1167.6 3.21 2.23 0.282 0.406
MJ 3.9 5.7 1083.6 2688.5 1.20 0.97 0.343 0.550
SL 3.5 4.3 647.7 1542.1 2.01 1.69 0.525 0.625
MALE, GA 3.0 3.9 954.5 2435.4 1.36 1.07 0.520 0.664
NONSMOKER MR 3.8 4.0 542.3 1450.1 2.40 1.79 0.316 0.422
NC 3.1 3.5 451.5 1400.3 2.88 1.86 0.413 0.6M1
FP 2.2 2.5 243.9  465.4 5.34 5.59 0.221 0.211
FEMALE, JR 4.3 3.8 1284.7 2793.3 1.01 0.93 0.699 0.760
NONSMOKER  LBX 4.5 4,6 2230.1 5052.6 0.58 0.52 0.720 0.816
SH 2.7 2.7 521.6 1717.1 2.50 1.52 0.308 0.506
MN 2.7 2.9 724.3 1883.0 1.80 1.38 0.428 0.569

a Half-life, hr.

b Area under the serum concentration-time curve following
oral administration, ug hr/L.

¢ Apparent oral clearance, L/min.

d Fraction of the dose absorbed into the systemic circulation.
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