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ABSTRACT

B-blockers are often prescribed to hypertensive patients also suffering from
inflammatory disease states such as arthritis. Pathophysiological changes which may alter
are often apparent in these subjects. The influence of inflammation on the stereospecific
pharmacokinetics of two extensively metabolized 8-blockers, acebutolol and propranclol
S-(+)-1-(1-naphthyl)ethyl isocyanate were developed for these drugs.

ns of

In healthy volunteers, slightly but significantly higher plasma concentratic
the S enantiomer of acebutolol and the R enantiomer of its metabolite, diacetolol were
thmaunmm.Mngﬁmm
diacetolol are significantly decreased with increasing age. Age-related changes in the
enantiomer ratios of acebutolol and diacetolol suggest an influence of aging on
decreased in arthritic patients.

As the minor decrease in the metabolism of S-acebutolol may be more apparent
in active discase, we tested this possibili.; n the rat. The pharmacokinetics of acebutolol
ensntiomers were delineated in fomale rats and found 10 be comparable 1 buman
pharmacokinctics.  Sigaificant three 10 ton fold increases in the imitial plasma



concentrations of acebutolol were observed in arthritic rats. Enantioners were equally
affected. Thus the intrinsic clearance of acebutolol is non-stereoselectively decreased in
adjuvant arthritis.

Adjuvant arthritis had a minimal effect on the disposition of acebutolol, thus
further studies were continued using the 8-blocker, propranolol. Adjuvant arthritis did
not significantly influence the stereoselective pharmacokinetics of propranolol after iv
doses. On the other hand, afier oral doses, clearance was significantly decreased in
adjuvant arthritis. Although significant for both enantiomers, this effect was more
pronounced on the less active R enantiomer. The enantiomeric ratio in plasma was,
therefore, significantly altered.

Arthritic-induced changes in drug disposition may be related to the severity of
inflammation and hence minimized or suppressed in subjects receiving non-steroidal
antiinflammatory agents. This possibility was investigated by examining the
pharmacokinetics of propranolol in ketoprofen-treated and control arthritic rats suffering
from differing degrees of inflammation. A significant corvelation between disease
severity (arthritic index) and the AUC of R- and S-propranoiol was observed.
Furthermore, treatment with ketoprofen significantly reduced the AUCs of propranolol
in line with the clinical improvement of arthritic scores. Therefore, increased plasma
~ concentrations of propranclol in arthritis are related 10 the degree of inflammation and
reduction of joint slling by ketoprofon trestment diminishes arthritic-induced changss
in propranolol disposition.
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1. INTRODUCTION

established fact that drug disposition is often altered in disease states. Consequently
diseases are estimated 10 affect up to 11% of the world population (Harris, 1981). The
as altered plasma proteins, and reduced organ function are frequently apparent in these
subjects.

To date, pharms

ic studies in arthritic patients have mainly dealt with
bon such as the non-steroidal antiinflammata

wm).mmmnnwhﬁmumn
healthy subjects are seen. These agents, however are primarily bound in plasma %o
albumin, conceatrations of which are only slighly diminished in arthritis.
Notwithstanding, the incidence of other diseases are the same as or greater in arthritic
paticnts than in non-arthritic subjects. For instance, due 10 disease or therapy-induced
(Mustonen ¢f ol., 1993). Several studies have also shown increased blood pressure due
10 NSAID therapy in hypertensive pationts (Minuz ¢f al., 1990). Many drugs ueed in the
treatment of cardiovascular dissass, such as the S-adrenergic blockers are bound 10 the




in inflammatory conditions (Belpaire et o/, 1982). Furthermore, acknowledged

the pharmacokir

the B-blockers in inflammation, various factors have not been adequately addressed. For
instance, 10 date these investigati

antihypertensive activity mainly resides in the S enantiomer.
cs of a number of these agents have been reported to be stereoselective.
Therefore, it is essential t0 utilize stereospecific analytical methods as disease-induced
disposition changes may not affect each enantiomer equally. Patient factors such as

of xenobiotics. Therefore, it is imperative 10 examine the role that disease activity
exerts on circulating levels of the active drug moiety, prior 1o developing dosage
The focus of the studies incorporated in this thesis was 10 further explore the
acokinetics of their individual enantiomers. In order 10 ascertain the undertying
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tested as an animal model. Subsequently, the importance of disease severity and influence

1.1.1. Infla

Inflammation is the characteristic response of the body o tissue injury. Detailed

iptiens of inflammation are found in relevant therapeutic textbooks such as the
Textbook of Rheumatology (Ed. Kelly et al., 1981) and Anderson’s Pathology (Mari,
1990) in which the following information was obtained. Whenever tissue is injured, a
series of events referred 10 as the inflammatory response is activated in an attempt to

pisme as well as injury resulting from trauma, extreme temperatures and
als. According 0 its duration, inflammation is classified as acute or chronic.
n is reforred 10 as acute when it lasts days or less then a few weeks. Some
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initial acute process subsides. Inflammation is classified as chronic when its duration is

prolonged (ic. months, years). Genenlly, periodic episodes of necrosis and tissue
regeneration, resulting in an "acute flare® of inflammation is involved in chronic
conditions. Specific examples of chronic inflammatory conditions include rheumatoid
arthritis, tuberculosis, syphilis, Reiter’s syndrome and Crohn's discase.

The main events comprising of the acute inflimmatory response include
vasodilation, exudation of plasma and emigration of neutrophils into the injured tissue.
In chronic conditions there is a subsequent accumulation of macrophages, lymphocytes
mmmumuammmwmummubymw
proliferation of tissue cells. Infiltration of macrophages to the site of inflammation is also
apparent. However, although this is tramsient in acute conditions, a persistent
proliferation of macrophages is seen in chronic conditions. The cellular release of
hormone-like proteins called cytokines, from activated macrophages, in turn acts upon
the liver causing an increase in the concentration of liver-derived plasma proteins- the
acute phase proteins. Some of the acute phase proteins include fibrinogen, serum amyloid
A, C-rective prowin, o -antichymotrypsin, o;-antitrypsin, o,-acid glycoprotein,
haptoprotein and the complement components. The acute phase proteins play a role in
inflammation and healing. Furthermore, changes in the serum levels of acuie phase
proteins may be used 10 assess disease activity and therapeutic intervention.

Animal models of inflammation have besn extensively utilized by pharmacologists
© study dreg therapy. An acute inflammetory respomse is often elucidated by
subcutancous injection of chemicals such as turpentine into the rat or rabbit (Whitshouss,



of the acute phase proteins. Howev r, difficulties arise when information obtained in

these studies are extrapolated 0 the intervention of diseases associated with chronic
inflammation. Beck and Whitehouse (1974) found a differential effect of acute and
screening in adjuvant-induced arthritis, the question was raised as to the systemic effect

1.1.2. Drug Disposision

Interest in the area of altered drug disposition
when it was observed that various chronic inflammatory conditions in humans such as
increases ia drug plasma concentrations after oral doses of propranolol (Schasider ef ol.,
1976) and oxprenciol (Kendall o al., 1979). Thess fiadings were not restricted
chronic conditions as plasma onprenciol concentrations were also fowad 0 be

icantly raised in patients suffering from viral infactions (Keadall ¢f ol., 1979).
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When single doses of oxprenolol were given 0 a group of healthy volunteers on various

rates (a non-specific indicator of inflammation) led t0 a 75-100% increase in the area
under the plasma concentration time curve (AUC) in two subjects (Kendall er al., 1979).

L1.2.1, Absorption. It is thought that changes in intestinal integrity due 10 the
disease or drug therapy may influence the absorption of xenobiotics (Miclants ef al.,
1991). Altered absorption, however, has not been observed 10 be a major factor in
uced changes in drug disposition. One report by Kirch e al. (1982),

noted a decrease in the absorption of atenoiol in petients suffering from an acute
piratory infection. Nevertheless, the proposed change in atenolol sbsorption requires
coafirmation, as total wrinary recoveries of stemolol were unchanged. Indeed, as
significantly increased from normal values, the reduction in atenolol AUC is probably
due 0 changes in clearance rather than sbeorption gations of another §-
© find any significant effect of adjuvant arthritis on oral absorption of the drug (Key et

. In vivo investigs




NSAID, naproxen, were found 0 be significantly altered due to an arthritic-induced

reduction in plasma albumin concentrations (Van Den Ouweland er al., 1987). Van Den
Ouweland er al. (1987) observed signficantly increased free fractions of naproxen in
arthritic patients which resulted in both a 60% increase in the volume of distribution and

Plasma concentrations of the acute phase protein, o,-acid glycopro
mainly bound 10 this protein, and therefore protein binding of these agents are often
aflammatory conditions (Schacider er ol., 1976; Kendall &r ol., 1979), plasma
were relatively wnchanged (Schnesider of al., 1981). As the proteia binding characteristics
of thees §-blockers are distiact from one another, this raises the question as 10 whether

gin (AAG) are

y elevated in

plol, were observed 10 be dramatics
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detected elevated plasma concentrations and AUC in Crohn’s and rheumatoid arthritic
patients (Waller er al., 1981). Higher plasma concentrs

on after iv administration, similarly

ation of this data led many to believe that increased protein binding t0

(AA) in rats after oral and intravenous doses (Bishop er al., 1981). The question of the
involvement of protcin binding in arthritis was thus also cxamined in the rt. Owe
jons of propranolol could be attributed 10 increased proscin binding rather than
1 changes in hepatic metabolism or blood flow (Walker ef al., 1986). Nevertheless,
ol, metoprolol and antipyrine in turpentine-trested 1

(Belpaire &1 al., 1989). As both antipyrine and metoprolol are negligibly bound 10 serum
protein, increases in their plasma concentrations were solely due 0 altered metabolism
whereas higher circulating concentrations of propranolol could be explained by both &

reduction of metabolism and increased protein binding.




9
11.2.3. Drug Metabolism. The impairment of drug metabolism in experimental models
of inflammation has been well established. One of the first reports of inflammation
induced changes in drug disposition was published by Morton & Chatfield in 1970.
Following induction of adjuvant arthritis in rats, liver microsomal oxidative enzyme
activity and cytochrome P-450 levels were greatly reduced. /n ww studies also
toxicity in arthritic rats, resulting from an impaired liver metabolism. Prabhu er al.
(1972) noted that sieeping times with hexobarbital, an indirect measurement of drug
metabolism, were increased in rats with chronic yeast-induced tissue inflammation. On
the other hand, sleeping times for the non-metabolized barbiturate, barbital, were
wachenged. Recent studies have also found significant reductions in hepatic enzyme
activity and cytochrome P-450 content resulting in altered metabolic clearances of
hexobarbital and tolbutamide in other experimental models of inflammation (Ishikawa er
al., 1991; Parent et ol., 1992).

More recently, the role of individual inflammatory medistors in altered drug
disposition has been addressed. In response o tissue injury, the cytokines, specifically
intericuking 1 and 6, are involved in increasing acuie phase protein production and
inkibiting synthesis of drug metabolizing enzymes in liver cells. Reports indicate a
repressive effect of interienkin | on drug metabolizing enzymes (Ferrari of ol., 1992,
1993). Purthermore, incubation of hepatocytes with interieukin 1 has been found
decreass cytochrome P-450 in a doso-dependent manner (Sujita ¢ ol., 1990).

Plasma conceatrations of the S-blocker propranciol were dramatically elevated
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in AA in rats after oral and iv doses. Decreases in the distributi

bioavailability of propranolol in AA after oral doses was felt 10 reflect changes in hepatic

reduced in the liver of rats with turpentine-induced inflammation
(Chindavijak et al., 19872). In the isolated perfused liver of turpentine treated rats, the

interieukin 18 on the pharmacokinetics of propranciol was investigated in the rat

(Vermeulen et al., 1993). Administra

increase in plasma concentration of propranolol, mainly due 0 a decrease in the intrinsic

L1.2.4 Resal Excretion. Abaormalities of renal function are frequently noted due o
dissass and/or therapy-induced changes in rheumatoid arthritis (Mody er ol., 1987).
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function through inhibition of renal prostaglandin synthesis (Downie, 1991). In fact,
renal disease has been attributed 0 be one of the more common causes of death in
patients with rheumatoid arthritis (Laskso ef al., 1986). However, few studies have
inflammatory bowel disease was not found to influence the plasma concentration profiles
of the remally excreted B-blocker, practolol (Parsons er al., 1976). The plasma

ration time profiles in these cocliac patients were observed to follow similar
patieras 10 that of normal subjects.

1.1.3. Disease Activity
In humans, a combination of altered protein binding and liver biotransformat
is likely responsible for inflammation-induced changes in drug disposition. However,
discropancies exist as 0 the inflwence of inflammation on the pharmacokinetics
agents. For example, although a four fold increase in the AUC of mesoprolol is observed
Juced inflameation in rats (Belpaire ¢f ol., 1989), inflammatory discase
7 olol disposition in humans (Schaeider ef al.,
1981). It is important 10 note the differcnces in dissase activity in the two species. Often
in experimental models of inflammation there is a pronounced and extensive involvemen
of the joints. On the other hand, arthritic pationts who participate ia pharmacokd
subjects is often controlied by drag therapy. Perhaps one of the most important questions
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and human arthritic subjects is whether there is a connection between altered drug
clearance and discase severity. Such a relationship has been implied from studies which
have shown an association between increased plasma concentrations of propranolol with
erythrocyte sedimentation rates (ESR). Afier oral administration of propranolol to
rheumatoid arthritic patients, separation of the subjects based on their ESR values
appropriately divided the groups into those with high and low plasma concentrations
(Schaeider & Bishop, 1979); arthritic patients with elevated ESRs (>20 mm/hr) were
found 10 have higher than normal propranciol concentrations whereas those with near
normal sedimentation rates (<20 mm/hr) did not differ from healthy controls. Despite
this finding, relationships between various biochemical and physical indices of
inflammation were not significantly correlated with plasma concentrations of propranolol.
On the other hand, Waller er al. (1982) observed a positive correlation between the ESR
and AUC of propranciol after intravenous administration.

Interpretation of results obtained in rats suggest that clinical improvement of
inflammation through effective drug therapy may also have implications on drug
disposition. Adjuvant-induced arthritis in rats is associated with a significant decrease in
the clearance of the anti-rheumatic agent, cyclosporia (Pollack er ol., 1989). However,
contineous administration resulted in both an improvement of arthritic scores as well as
a rotum of cyclosporia pharmacokinetic parameters ©0 that of controls (Pollack e al.,
1989). Beck and Whitchouse (1974) also found a protective effect of inflammation
induced changss in both joint swelling and drug metabolism with the antiinflammatory
agents dexamethasons and corticosterons. However, it may be misicading (0 extrapoiae
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clinical findings with all antiin ory therapies as the improvement of inflammatios
(Beck and Whitchouse, 1974; Di Pasquale ef al., 1974). Furthermore, pretreatment of
1984).

s of

or sntagonists are froquendy used in the treatment of
cardiovascular disorders such as hyperteasion (Cruickshank and Prichard, 1988). Many
lological changes such as elevated AAG concentrations and reduced organ

o al., 1993). Akhough infl juced changes in drug disposition are thought %o
(Schmaider et al., 1981). Nevertholoss, hepatic enzyme activity is also reduced in
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metabolism yet differ in their degree of protein binding. The influence of inflammation
on circulating concentrations of the minimally protein bound acebutolol, as compared to
that of the highly serum bound propranolol, provides a clue as (0 the relative importance
including stereoselectivity, disease severity, and drug therapy, all of which possibly
been addressed and should be examined prior 10 making decisions on dosage adjustment

1.3. Hypotheses

1.  Adjuvant arthritis in the rat is a suitable animal model 0 study

g

0 decreases in intrinsic clearance.
tics of propranciol enantiomers are aliered in adjuvant
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b. Increased plasma protein binding
3.  Alered drug disposition in arthritis is related to disease severity.

1.4. Specific objectives, and their rationale

14.1. Establish suitable stereospecific methods for quantification of
acebutelel and prepranciel enantiomers.

A mumber of publications have addressed the importance of separation,
identification, and quantification of racemic drugs (Jamali er al., 1989; Walle ef al.,
1988; Ariens er al., 1988; Krstulovic, 1989; Evans er al., 1988). Indeed, a good deal of
lierature has surfaced regarding the pharmacokinetics of an important class of racemic
drugs used in the treatment of hypertension, the S-blockers. This attention '
the fact that, with the exceptions of timolol and peabutolol, all of the S-bloc]
manufactured and administered as racemic mixtures (Riddell ef ol., 1967). Generally,
the S-blocking activity has been ascribed mainly 10 the S-(-)-enantiomer (Sankey ef ol.,
1984). In addition 10 the knowiedge that the enantiomers differ pharmacc lly, it i
also known that some of the cnsatiomers of various f-blockers posssss quite different
pharmacokinetics (Pflugmann er al., 1987; Olancff or ol., 1984; Walle e al., 1983; Von
Bubr et ol., 1962). Purthermore, physiological changes in dissases such as arthritis may
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reasons, it is apparent that the disposition of the individual enantiomers must be

delineated.

1.4.1.1. Develop a stereospecific method of analysis for acebutolol
The cardioselective S-blocker, (+)-Acebutolol (AC) was introduced in France and

the United Kingdom in the mid 1970°s (De Bono ef al., 1985). It is indicated in the
trestment of hypertension and ventricular arrhythmia. Acebutolol is extensively
metabolized 10 an active metabolite, diacetolol, upon first-pass through the liver.
Measurement of both acebutolol and diacetolol enantiomers is essential as both contribute
®© therapeutic activity. Although several methods have been employed 10 measure
acebutolol and diacesolol (Steyn, 1976; Meffin ef al., 1976, 1977b; Guentert ef al., 1979;
Buskin er al., 1982), these methods all utilize non-stereospecific methods. Initially,
Sankey et al. (1984) were sbie 10 separate acebutolol and diacesolol enantiomers with the
use of the optically pure derivatizing reagent, S-(-)-N-trifluoroacetyiprolyl chioride
(TPC). However, comsercial TPC is contaminsted with 4 w0 1S% of the
R-(+)-enantiomer and rapidly racemizes upon sorage (Gulsid er of, 1989).
Alernatively, derivatization with either R-(+)-1-phenylothyl isocyanste (R-PEIC)
(Gulaid e al., 1985), or S-(-)-PEIC (Hsys and Giacomini, 1966) have bess used 10
wtilizing reversed-phase high pressure liquid chromatography (HPLC) and flworescence
detaction, lack ssmsitivity. Hence, the use of thess reported mothods for pharmacokinstic
stodies is limited. For this purpose we doveloped & sterecepecific HPLC assay for the
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1.4.1.2. Develop a stereospecific method of analysis for propranolol

Although propranolol is commercially available as a racemate, antil

al., 1974). Stereoselective differences in the pharmacokinetics of propranolol enantiomers
have been reported in humans and rats (Silber er al., 1982; Lalonde er al., 1988;
of individual enantiomer disposition in

Guttendorf s al., 1991). Therefore examination
pharmacokinetic studies is imperative.

separation of propranolol enantiomers. Unfortunately, the applicability of these methods
%o our pharmacokinetic studies was limited as many lacked sensitivity for small sample
sizes (Sedman & Gal, 1983; Schmitthenner ef al., 1989) or did not have an intemnal
standard (Schaefer er al., 1990). Furthermore, in rat samples, large differences in
enantiomer concentration are present, ofien exceeding ratios of 10: 1, thus high resolution
the optically pure reagents (+)-phenylethyl isocyanate (Langaniere ef al., 1989) and (-)-
menthyl chioroformate (Prakash ¢f al., 1999), lacked sufficient resolution. The method
of Linder er al. (1999), involving derivatization of propranciol with (R,R)-0,0- -
However, the procedure was found 10 be unsuitable as it requires lengthy reaction times
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and resulting diastercomers lack stability. Therefore, we developed a stereospecific

HPLC assay suitable for pharmacokinetic studies of propranolol in the rat.

1.4.2. Study the pharmacokinetics of acebutolol enantiomers in humans
In the human studies we sought to:

1.4.2.1. Delineate the pharmacokinetics of acebutolol enaniiomers in
heathy sufecs

Although acebutolol is manufactured and subsequently administered as the
racemate, beta-blocking activity resides mainly with the S-(-)-enantiomer (Walle et al.,
1988). As enantiomers of racemic compounds, including the beta-blockers, often exhibit
different pharmacokinetics, it is necessary o discern the respective time-courses of each
individual enantiomer. To date, however, pharmacokinetic studies have utilized non-
stereospecific analytical methods. Consequently, the pharmacokinetics of acebutolol
enantiomers in man remain unknown. Therefore the stereospecific pharmacokinetics of
acebutolol were studied in a group of healthy, young volunteers.

1.4.2.2. Determine the ¢fect of aging on the pharmacokinetics of
acebusolol enantiomers
While the prevalence of arthritis increases with ags, many altered physiological
functions apparent in inflammation such as changed plasma protein ratios and reduced
renal and hepatic function are also seen in aged subjects (Rowbenoff, 1993). Progressive
'
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changes in these functions are seen with increasing age (Greenblatt es al., 1982). Indeed,
stic changes for a number of beta-blockers have been observed
zaki et al., 1980; Gretzer et al., 1986; Rigby

disposition of enantiomers have been reported for a number of beta-blockers (Jamali ef
al. ,1989; Walle er al., 1988), age-related pathophysiological changes may also affect
the siereoselective disposition of these agents. As it is possible that aging may obacure
od in a group of healthy voluntcers ranging from 60 10 75 years of age.

Although protein binding of acebutolol is minimal in humans, the relative binding




ics of acebutolol enansiomers in

ility of human arthritic subjects with active discase and
not on concurrent drug therapy, we sought o develop an animal model for the study of
the effect of arthritis on acebutolol disposition. Adjuvant arthritis in rats is an accepted
model for rheumatoid arthritis (Whitehouse, 1973). Induction of arthritis results in a

and nodule formation, such as that found in
of

acebutolol enantiomers in the rat. Experiments were also performed to:

In humens and rats, fluctustions in plasma concen

tions of acebutolol

sers i the form of multiple peaks were revealed afler oral doses, Multiple
absorption peaks have also been reported for other drugs and this phesomenca has beea

attributed 0 a multitude of causes such as intestinal sbeorption windows, changes in
& Amidon, 1987; Suttle ef al., 1992). Intraveaous and oral doses of racomic acebutolol

C ot al., 1987; Oberle
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were administered t0 bile duct cannulated rats to determine if multiple peaks were due

of acebutolol across the intestinal mucosa was examined in vitro to test for the existence

ion of

(diacetolol), were examined in healthy and arthritic rats afier oral adminis
sccbutolol. In order to minimize stress from jugular vein cannulation and repeated
sampling, which have been reporied 10 influence protein binding and intrinsic clearance
of drugs, only a single blood sample was obtained from cach animal,

Although proteia binding of acebutolol is minimal in humans, its extent is
waknown in rats, particularly in the presence of arthritis which is known 0 elevate AAG
(Delpaire ¢r ol., 1962). Therefore the in witro binding of acebutolol enantiomers in




In the rat studies we sought to:

turpentine-induced inflammation (Bishop er al., 1981, Walker ef al., 1986; Belpaire er
enantiomes, it is important 10 examine whether the observed changes in disposition

14.4.2

fraction of turpentine-treated rats (Chindavijak ef ol., 1987a). Therefore, 10 assess the
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1o observed changes in propranoiol bicavailability, the relative in wiro metabolism of
propranciol enantiomers was compared in microsomal fractions obtained from arthritic

and healthy rats.

1.4.4.3. Determine the influence of arthritis on the protein binding of

propranolol enantiomers.
Elevated plasma propranolol concentrations in inflammation have been attributed

%0 increased protein binding. A reduction in the free fraction of total (R+S) propranoiol
has been demonstrated in experimentally induced inflammation in rats (Walker ef al.,
1986; Beipaire et al., 1989). Therefore, the in wiro binding of propranolol enantiomers
were compared in piasma obtained from arthritic and healthy rats.

1.4.4.4. Snudy the relationship between severity of inflammation and
alsered propranolol disposition in adjuvent arthrisis

Experimental data in humans, which have shown an association between increased
plasma concentrations of propranolol with ESR values (Schaeider ef al., 1979, Waller
et al., 1981), imply that there may be a connection between altered drug clearance and
diseass severity. Novertheless, the influence of dissass severity has not been examined.
Specificaily, clearance of a drug such as propranciol may bs more or less reduced in
difforing dogress of arthritis. Thevefore, 0 investigate this possibility, the
pharmacokinetics of propranciol enantiomers were examined in AA rats afflicted with
various degress of inflammation.



A
1.44.5. Determine the influence of ketoprofen therapy on the
pharme  * ‘netics of propranolol in adjuvant arthritis
Interpretation of results obtained in arthritic rats suggest that clinical improvement
of inflammation through effective drug therapy may also have implications on drug
disposition (Pollack ef al., 1999; Beck & Whitchouse, 1974). As inflammation in
anthritic patients is often controlled by drugs such as the NSAIDs, it is possible that

arthritic-induced changes in drug disposition are minimized or suppressed in these

subjects. To ascertain the influence of NSAID treatment, the pharmacokinetic

1.4.4.6.  Snudy the influenc

Because protein binding may be a factor in altered distribution of propranolol in




Table 1-1. Relationshi

and the concentrations of o,-acid glycoprotein
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Figure 1-1 Structures of Acebutolol, diacetolol, acetolol, and propranolol



2. EXPERIMENTAL

2.1. Chemicals

Racemate and pure enantiomers of acebutolol, diacetolol, and internal standard
(M&B 17764) were kindly provided by Rhone-Poulenc Ltd (Essex, England). Other
B-blockers used in this study were racemates and obtained as gifts from the respective
pharmaceutical firms: pindolol (Sandoz, Dorval, Que., Canada); atenolol (Imperial
Chemical Industries, Cheshire, England); nadolol (Squibb, Montreal, Que., Canada);
toliprolol (Bochringer Ingeiheim, F.R.G.); alprenolol (Astra, Switzeriand); bupranolol
(Logeais, Issy-les-Molinesux, France); labetolol (Glaxo, Toronto, Ont. Canada);
metoprolol (Ciba, Mississauga, Ont., Canada); (1)-, (+)- and (-)-sotalol (Bristol Myers,
Candiac, Quebec, Canada); and tocainide (Astra, England). Acebutolol tablets (Sectral,
Rhone-Poulenc, Montreal, Canada) were purchased commercially.

Racemate and pure enantiomers of propranolol, kesoprofen, all reagents required
for microsomal incubstions, Lowry kits for the determination of total prowein and
wothane were purchased from Sigma Chemical Co. (St. Louis, MO, USA).
§-(+)-1<(1-NaphthyDethyl isocyanste (NEIC) was obtained from Aldrich (Milwaskee,
WL, U.S.A.). Hexane, chioroform, ether, isopropyl alcobol, acetonitrile, acetic acid and
methanol (BDH, Toronto, Ont., Canada) were all analytical grade. HPLC grade water,
tristhylamine, polyethylens giycol 400 and squalens were purchased from Fisher
Scientific (Bdmonton, Canada). Methonyflurane (Metofane) was obtained from Pitman-
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Samples were mixed using a Vortex Genie 2 mixer (Fisher Scienti
Canada) and centrifuged with a Dynac II centrifuge (Becton Di

CA, U.S.A.) model 3390A integrator was used 10 record the peak areas. Diastereomers

e of 2 mU/min. Both semple proparation and chromatography were conducted at
mmﬁﬁ‘amm“ﬁwmﬂu
waing a solution of acetate buffer pH 3.6: acetonitrile (60:40) pumped at a flow rate of

N.J., U.S.A.) using a mobile phase of hexane-chi
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obtained on a high resolution mass spectral system (AEl, MS9, Manchester, U.K.) via
direct insertion probe, utilizing positive ion mode with glycerol as the medium.

2.2.2. Standard Solutions

Stock solutions of acebutolol, diacetolol, propranolol and internal standards (as
hydrochloride salt) were prepared in water 10 a final concentration of 50 mg/1 of the base
(solution 1). Stock solutions of the same concentrations were prepared in 0.01% (v/v)
triethylamine in chloroform (Solution 2) for determination of extraction and derivatization
yields. These solutions were kept at 4 °C. Prior 10 sample preparation, the stock
solutions were diluted with water.

A solution of 1% (v/v) S-(+)-1-(1-naphthyl)ethyl isocyanate was prepared in
hexane and stored under nitrogen at -20°C. The NEIC solution was diluted to the
appropriste concentration with hexane or chloroform immediately prior 10 use.

2.2.3. Sample Preparation & Analysis

2.2.3.1. Acebwolol Assay.

Drug free buman plasma and wrine samples were spiked with solutions of
acsbutolol and diacetolol o give enantiomer concentrations of 10, 25, 50, 100, 200, and
300 ag/mi for plasma and 0.5, 1, 2.5, S, 10, 20, 40 and 100 mg/1 for wrine. To 1.0 ml
plasma or 0.1 mi wring (dilted 0 | mi with water) was added 0.05 mi of a internal
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standard (IS) solution (10 ug/ml pindolol or 1 xg/ml M&B 17764) and 0.15 ml of 1 M
a Vortex for 30 sec and centrifuged at 1800 g for S min. The organic layer was
transferred (0 clean tubes and evaporated to dryness using a Savant Speed Vac
2 0.1% (v/v) solution of NEIC in chloroform (0.20 ml) and mixed for 60 sec.
Aliquots of 0.015 10 0.20 ml were injected into the HPLC and chromatographe

using a mobile phase of hexane:chloroform:methanol (63:35:2). The fluorescence
detector was set at 238 and 389 nm for excitation and emission, respectively.

derivatized with 0.1% NEIC in dichloromethane (0.2 ml) at room temperature for 45 min
. Afier 15 min, samples
were evaporated 10 dryness and reconstituted t0 0.20 ml with mobile phase.

before adding 0.2 ml of 0.1% ethanolamine in dichlorometha

2.2.3.2. Propranciol Assay
above with some modifications. Drug free rat plasma was spiked with propranolol 10 give

of 50, 500, 1000 and 2500 ag/ml. To 0.1 mi of plasma, 50
polol 2.5 ug/mi) and 250 sl of 0.2 M NeOH was added.

centrifuged. The organic layer was evaporated (0 dryness and derivatized with 185 pl of
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100 0 150 ul were injected onto the HPLC. The formed diastereomeri
using a mobile phase consisting of hexane:chloroform:methanol

(75:25:0.4) and the fluorescence detector was set at 225 and 280 nm for excitation and

2.2.3.3. Other Compounds

To assess the universal suitability of this assay, other compounds possessing a
with 1% S-NEIC in chloroform. Aliquots of 5 to 50 x! were injected onto the HPLC.
am. An emission filter of 280 nm was used for all measurements.

of the drugs in
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accounted for. Percent recovery was calculated as the peak area of extracted drug

Acebutolol or propranolol solutions were added 10 dry test tubes (n=8) to give

ons of 50 and 500 ng/ml in 0.01% (v/v) triethylamine/chloroform. Half of
the samples were evaporated to dryness and derivatized as described above. The amount

of underivatized drug was measured. To determine the unreacted acebutolol, the mobile

phase was modified to isopropyl alcohol-c riethylamine (80:20:0.01 v/v) and
the fluorescence detector set (0 238 and 389 nm for excitation and emission, respectively.

To determine the unreacted propranolol, the mobile phase was modified to 75:23

of underivatized drug to the amount of unreacted drug after derivatization. The reaction
time was measured by comparing peak area at 5, 15, 30, and 60 min after derivatization

corresponding 10 the enantiomers of acebutolol were collected after HPLC separation and

evaporsted. The collected fractions were subjected 10 high resolution mass spectral
analysis by the Mass Spectrometry Laboratory (Chemistry Services) at the University of



2.2.7. Treatmesnt of Data
Calibration curves were forced to linearity by least-square regression analysis of

peak-area ratios of the enantiomers to internal standard against standar
of each drug.

The % error was calculated as the difference between estimated and added
concentration/day X three days). The lowest concentration used in the calibration curve

was used as the limit of quan
signal-t0-noise ratio of 4:1.

Identification of peaks correspon
pure R- and S- enantiomers of each drug. All results are reported as the mean £ standard

nding 10 the isomers of acebutolol, diacetolol and

deviation.

2.3.1. Human Subjects
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2-1I1) volunteers participated in the pharmacokinetic study after giving writien informed
consent. The protocol was approved prior to the study by the Human Ethics Review
Committee of the University of Alberta Hospital, Edmonton. All volunteers were judged
10 be in good health as determined by physical examination and routine blood chemistry.

and no other medications were taken for 24 h during the study.

2.3.2. Drug Admiaistration and Sample Collection.

On the day of the experiment, a single 200 mg acebutolol tablet was given onally
(at 0800 h) with approximately 240 ml water following an overnight fast (from 2400 h).
Venous blood (5 ml) was drawn into heparinized tubes at 0, 0.25, 0.5, 0.75, 1, 1.5, 2,
4,6, 8, 12, and 24 h via an indwelling heparinized catheter inserted into a forearm vein.
The subjects remained in a sitting position for 4 h, then ate a lunch of their choice. Blood
collected at time O and then at intervals of 0-3, 3-6, 6-12 and 12-24 h. All samples were
stored at -20 °C prior %0 analysis. Blood pressure was monitored immediately before
blood sample collection at times 0, 1, 2, 3, 4, 6, 8, 12, and 24 h. Unfortunately due to

insccurate and/or incomplets urine collection, we were not able (0 accurately measure
subjects examined.
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To induce severe adjuvant arthritis (AA), female Sprague-Dawley (200-250 g) or
heat-killed, freeze-dried Mycobacserium butyricum suspended in squalene (10 mg/ml).
To induce mild AA, female Lewis rats weighing approximately 150 g were
intraperitoneally inoculatec jsum butyricm in 1 ml normal
saline (n=6). Rats were studied approximate

with 35 mg of M
y 10-16 days after tail base injection or 21-

not pretrested. In order t0 minimize inter-rat variation, controls were matched with AA

rats in terms of age, time period in cage and time of administration.

hindpaw on 2 0 10 4 basis (0, none; 1, involvement of single joint; 2, involvement of >
or 4, involvement of several joints and ankie with severe swelling) and each forepaw ¢
2 0 %0 3 basis (0, none; 1, involvement of single joint; 2, involvement of > 1 joint
and/or wrist; or 3, involvement of wrist and joints with moderate (0 severe swelling).
mensured with 200 ul blood using the Wintrobe micromethod (Laboratory Medicine &
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Pathology Procedure Manual, University of Alberta Hospital, p52).

2.3.3.2. Surgical Methods and Sample Collection

, silastic catheters (0.025 " i.d. X 0.047° 0.d.;
into the right jugular vein of female Sprague
Dawley or Lewis rats and the animals were allowed (0 recover overnigit. All surgical
intubation or intravenously as bolus doses into the jugular vein cannula. Following iv

doses, the cannulas were flushed with 0.5 ml of saline solution. Serial blood sampies
(0.20 ml) were then collected through the jugular vein cannula. After cach sample the
catheters were flushed with an equal volume of heparia in saline (100 units/mi). Each

ml of drug solution followed by 0.5 m! of sormal saline (n=3), subssquest samples of
drug-free buffer were obtained (n=3) using these cannulas. In each case, residual drug

Unless otherwise stated, rats were fasted for 12 h prior 10 and 4 h after drug

with free access 10 water.



DKINELICS Of \ Oral (50 mg/kg, n=8), iv
(10 mg/kg and 50 mg/kg, n=4) and ip (10 mg/kg, n=4) doses of racemic acebutolol in
od t0 unanesthetized jugular vein cannulated

Sprague-Dawley rats. These animals were allowed free access to food and water. Fifty
mg/kg oral doses were also administered 10 fasting rats (n=7). Blood samples (200ul)
were collected at 0, 0.5, 1, 2, 3, 4, 6, 8, 12 and 24 h after dosing. Afler iv doses an
additional blood sample at 0.25 h was collecied. A single 24 h urine sample was

0.01 inch imemal diameter Tygon microbore tubing (Norton, Akron, OH) and at the
right jugular vein as described above. Incisions were promptly sutured and animals were
placed under a heat lamp 0 maintsin body temperature. Immediately afier surgery
acebuiolol was injected 10 the anaesthetized rats intraduodenally (50 mg/kg, n=3) or iv
(10 mg/kg, n=3). Intraduodenal (id) rather than oral doses were administered 10 prevent
aspiration and 10 minimize intesti

pyloric sphincter. A 0.20 mi blood sampie and total bile output were collected at 0, S,
18, 30, 43, 60, 90, 120, 150, 180, 210 and 240 min after dosing. After each sample, 0.3
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ml of normal saline was re-injected to replace flud loss.

female Sprague-dawley rats. Racemic accbutolol (25 mg/kg) was adminisiered 10

unanesthetized control (n=36) and AA (n=36) rats. Six rats were sacrificed at each
predetermined time point (0.5, 1.0, 2.0, 4.0, 6.0, or 8.0 h). The rats were anaesthetized
and blood was collected via cardiac puncture into heparinized blood collection tubes.
Animals with an arthrogram score less than 2 were excluded from the pharmacokinetic
study.

2.1.3.3.3, Pharmacokinetics of propranclol in arthritic rats. Mild AA was induced in
Lewis rats (n=6). When arthritis was apparent in the AA rats (21-28 days after
induction), all rats were jugular vein cannulated and allowed t0 recover overnight.
Racemic propranolol in sline solution was administered onally (30 mg/kg) and
intravenously (2 mg/kg) 10 AA (n=5) and healthy control (n=6) rats in a cross-over
fashion with a 48 hour washout period between doses. Blood samples (175-200 ul) were
collected through the jugular vein at 0, 15, 30, 43, 60, 120, 180, 240 and 360 min after
oral and at 0, S, 15, 30, 4S, 60, 90, 120, 180 and 240 min afier intravenous doses. For
ethical reasons, due 10 the ssverity of arthritis inflicted in one rat, this rat could not be
cansulated therefore only five of the six AA rats could be used for the pharmacokinetic

study.



(n=15) and severe AA (n=15) were induced in female Lewis rats. One-half of each
group received ketoprofen in polyethylene glycol 400 (2 mg/kg/day) orally by gastric

bation (1 ml/kg) for the entire duration of the study. When paw swelling was evident
propranolol (30mg/kg) in normal saline was administered orally and serial biood samples
(175 pl) were collected at 0, 0.25, 0.5, 0.75, 1,2, 3,4, 6and 8 h.

2.4. In Vitro

removed 1 cm and 30 cm distal to the pyloric sphincter, respectively and the ileum was
ics-cold Krebe-Heaseleit bicarbonate buffor (pH 7.4) containing 2 g/1 of dextross and
of elther 1.0 xg/mi (a=3) or 250 pg/mi (a=3) of racemic acebutolol in Krebe-] |
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(95% oxygen-S% carbon dioxide) for 2 h. The mucosal (0.10 ml) and serosal (0.05 ml)
fluids were sampled at 0, 15, 30, 60, 90 and 120 min. Contents from gut scgments were
pooled and incubated with 250 ug/ml racemic acebutolol as described above.

2.4.2. Micresomal isslation and incubation.
from livers of control and arthritic Lewis rats. Briefly, freshly excised rat liver was
immediately placed in ice-cold 100 mM phosphate-sucrose buffer (pH 7.4) and

collected and centrifuged at 105,000 g for 60 min, resulting in a small protein pellet
which was suspended in buffer and again centrifuged at 105,000 g for 60 min. The final
determined by the Lowry Method (Sigma kit, Sigma Chemical Co., St Louis, MO,
USA). The incubation reaction mixture was similar 10 that used by Pujita ef ol. (1982)
containing 5 mM MgCl,, 10 mM glucose 6-phosphate, 0.7S mM NADP*, 2 U/mi

giucoss 6-phosphats dehydrogennss and 15 ug liver microsomes in 0.05 M Tris-HCL
buffer (pH 7.4) were spiked with 2 mg/1 racemic propranciol, and shaken in a water bath

2 37°C. At0,0.5, 1 and 2 h after incubation, the reaction was stopped by transferris
aliquots (0.5 ml) ©0 tubes containing 0.5 ml | N NaOH. Samples were stored at -20°C
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to that of controls by measuring the % loss of propranolol versus time in the microsomal

mixture.

2.4.3 Pretein Binding Studies

2.4.3.1. Apparasus and sechnigue

For all protein binding studies, binding was measured in viro by equilibrium
dialysis for 4 h at 37°C using a Spectrum Equilibrium Dialysis apparatus (Los Angeles,
CA) with Teflon half cells separated by a Spectra/Por (Speetrwm, Los Angeles, CA)
celluiose membrane (molecular weight cut off = 12,000 daltons). Plasma (1 ml) was
dialysed against an equal volume of isotonic Sorensen’s phosphate buffer (pH 7.4) spiked
with either racemic acebutolol or propranolol. Samples from each side of the cell were
then collected and stored at -20°C uatil analyzed for drug concentration. Before dialysis,
plasma was adjusted 1o pH 7.4 by addition of 0.1 N HCL.

2.4.3.2. Binding studies in the R

443.2.1. Acshutolol  The proteia binding of acebutolol was compared between drug
free plasma pooied from control and arthritic rats. Four replicates of biank plasma (1 ml)
were dialysed for 4 b against buffer spiked with either 0.20 or 1.0 mg/L of racemic
acebutolol.
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mined in duplicate in biank plasma obtained from individual ketoprofen treated

from healthy young and elderly human subjects. Four replicates of pooled plasma were

. tapescidal rele for O h 10 the time of the last measured plasma concentration (Cy,). The
extrapolated AUC (AUC, ) was calcuiated a3 C,/8. The AUC ;. (AUC) weas calculated
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the respective AUG,,. The fraction
calculated as: fu = Coy./C.or. and % bound = (1- fu) X 100, respectively.

fraction of dose reaching the systemic cisculation (F) was not known, both Vd and CL
terms were expressed relative to F. Creatinine clearance (CL,,) was estimated from
plots of AUC, 8, CL/F, CL,

od by CLo =

2.5.3.1. Pharmacokinetics of acebuso

Systomic clearance (CL,,.) was calculated by dividing the administored iv dose by the
corresponding AUC,... The volume of distribution was calculsted by Vd=CL, /.
The onal clearance (CL,.) was determined by CL,, = Doss,/AUC,.. ,.. Absolute



equation Foy = Fp*Fy. *Fo (Gibaldi, 1982), therefore assuming the entire ip dose
Fye = AUC,*DOSE,/ AUC, *DOSE,
F,. = AUC,,*DOSE,/AUC,*DOSE,,

concentration versus time curve (AUC,,) was calculated from mean concentrations at
To ascertain the effect of concentration on the enantiomer (S:R) ratio, plots of
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Systemic clearance (CL,,,) was determined by CL,,= Dose,/ AUC,. .. The
volume of distribution (Vd) was calculated by CL,,/8. The oral clearance (CL,y) was
calculated by CL,, = Dose,/AUC,.,. The CL,,, CL,y and Vd were corrected for
weight in all animals. Bioavailability (F) was calculated for each rat by F=
Dose,,*AUC, ..,/ Dose,,*AUC, .. ,..

To examine the effect of severity of inflammation on the pharmacokinetics of
propranolol, plots of AUC, CL,,, t,, and fraction

(Epistat) and the Pearson's correlation coefficient of the regression slopes were used to
were conducted with a level of confidence set at o =0.05. Data are expressed as
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Table 2-I1. Patient Characteristics- Aged Subjects
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Table 2-I11. Patient Characteristics- Arthritic & Healthy Subjects

63.6
52.0 86.4
63.0 87.3
68.5 90.1
84.5 nd.
66.0 89.0
62.7 83.0
52.0 60.0
82.0 89.0
66.0 86.6
(11.3) (13.1)
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Our attempts 0 separate enantiomers of acebutolol using reversed-phase HPLC,
although successful, resulted in an additional peak eluting as late as 90 min after injection
separation of the enantiomers using normal-phase was found to be more convenient, we
therefore chose 10 use normal-phase HPLC.
acebutolol and diacetolol was attained (resolution, AC: R,=1.45; DC: R,=1.50). The
cluted at approximately 12 and 13

ponding 10 R-,S- acebutolol enantiomer
utes; inernal standard (pindolol) enantiomers eluted at 6 and 7 minutes, respectively
respectively (Fig. 3-3).

In all cases, excellent lincarity was observed between the peak area ratios
S-acebutolol by Y = 0.075 + 0.071(X) and ¥ = 0.067 + 0.066(X) in plasma and Y
= 0.002 + 0.119X) and Y = -0.078 + 0.111(X) in urine, respectively. Typical




0.0496 and Y = 0.0085(X) + 0.0427 for the R- and S-enantiomers, respectively.

The observed assays interday and intraday coefficient of variation for acebutolol
(Table 3-I) and diacetolol (Table 3-IT) were always less than 10% over the examined
concentration range in plasma. Error of measurement was also determined (o be less
than 10% (Table 3-1, 3-1I). Quality control samples were analyzed daily and accuracy of
of these measurements were found o be within the accepted limits of error (< 10%).

Minimum assay detection limit, defined as signal t0 noise ratio of at least 4 0 1, was
determined to be 1 ng/ml for the enantiomers of both acebutolol and diacetolol.

The extraction yields of acebutolol in plasma were 91.147.8 and 80.4+7.0 for
25 and 500 ng/ml, respectively. In urine, yields were 80.8+3.8S and 87.447.19 for 2
and 100 mg/l, respectively. Extraction of R-and S-diacetolol from spiked samples of
plasma were 26.0+3.0 % at 50 ng/ml and 28.4+3.4 % at 500 ag/ml. Recovery of
diacetolol from urine was similar and was determined to be 30.1+2.8 % at 0.5 mg/L
and 29.043.8% at 5.0 mg/L.

The derivatization yields of acebutolol and diacetolol were found to be 100%
within 10 min, as underivatized drug could not be detected. Peak arcas of derivatized
diacetolol and acebutolol diasterecisomers were also found t0 be maximal within §
diastersoisomers were found 10 be stable at room temperature in chioroform for at least
72 hours. |

Mdentification of the two peaks corresponding 10 acebutolol enantiomers indicated
that the urea, and not the casbamats, derivative was formed. The moleculer ion (MH*)
was cbeerved at m/z 534. Another ion at m/z 516 suggests the loss of H,0. Thess
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results indicate that the derivative is mono-substituted. Furthermore, substitution must

be on the nitrogen atom, as the loss of H,O suggests a free hydroxyl group. Increasing

3.1.2. Fropranciol Assay.

HPLC peaks corresponding t0 R- and S-propranolol were free from any
interference and eluted with a resolution factor = 3.5 at approximately 12 and 19
minutes, respectively (Fig. 3-4). Internal standard peaks eluted at approximately 6 and
detection is 10 ng/ml, if one uses a signal-to-noise ratio of 4:1.

The derivatization yield of propranciol was found to be 100% within 30 min, as
enantiomers were also found 0 be maximal within 30 minutes. Furthermore, the
diasterecisomers were found 10 be stable at room temperat
72 hours. However, samples were injected within 48 hours of derivatization, as longer
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Derivatization with S-NEIC appears to0 have wide applicability as acebutolol,

3.2. Human P

3.2.1 Young subjects

In the young subjects, we observed a slight but significant stereoselective
values were significantly grester than those of the antipode (S:R AUC = 1.20 +0.05).
(T..), concentrations and significantly higher for the S-
enantiomer. Oral clearance of R-acebutolol was significantly grester than that of
(Taw), Were significantly higher for R-diacetolol (/S 1.410.2). The AUC,y of R-
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AUC, . were not statistically different. The enantiomeric ratios of S:R-diacetolol in

plasma steadily increased from 0.740.1 at Tmax to 1.510.4 at 24 h. Values of t,, were
significantly longer for S-diacetolol than R-diacetolol. Furthermore, the t,, of S-diacetolol

Similar 10 young subjects, acebutolol and discetolol disposition in the elderly
subjects was stereoselective (Fig. 3-7, Tables 3-V1,3-VII). The AUC and EXu of the S-
e. Renal clearance of R- and S-acebutolol ' !

did not reach signifi

The AUCyy 8ad C,, of R-discetolol were significantly grester than for
S-diacetolol (Table 3-VIII). Although plasma Jovels of R-discetolol were greater, the t,,
of S-diacetolol was significently longer, thus resulting in prolonged plasma levels, hence
the AUC,.,, of the enantiomers were not significantly different. The CL,.., and EXu of
R-diacetolol were 14% and 46% greater than S-discetolol, respectively.
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3.2.2.2. Correlations between acebutolol and age.

For R-acebutolol there was a
(r=0.679), whereby an increase in age was associated with a decline in CL,, (Fig. 3-
9a). Correlations of age versus CL/F (r=0.473), AUC (r=0.525), EXu (r=0.568) or
B (r=0.599) were not significant (Table 3-VI). For S-acebutolol, a significantly declining
B (r=0.681), CL s (r=0.736) and £Xu (r=0.670) with increasing age was observed.
Correlations with CL/F (r=0.343), and AUC (r=0.411) were not significant.

Declining CL,, was associsted with a significant reduction in CL_, (r=0.74S5)
(Fig. 3-5c) and ZXu (r=0.761) of R-acebutolol. However, no relationship was observed
with AUC (r=0.429), CL/F (r=0.444), or § (r=0.429). Similarly, for S-acebutolol,
Clows (r=0.780) and IXu (r=0.853) were highly correised %0 CL,; whereas
associations with AUC (r=0.279), CL/F (r=0.235) and # (r=0.569) were not

significant.

3.2.2.4. Correlations between diacesolol end age.

For R-diacetolol, ags was highly correlated 10 # (r=0.900), whersby # decreased
with increasing age (Fig. 3-8b). TXu was also aegatively associated with age (r=0.750).
Correlations of age with AUC (r=0.345) or CL,, (r=0.615) were not significant. For
 S-dincetolol, agerelated reductions ia # (r=0.7), CL., (r=0.760) and LXs
(r=0.738) were significant. The correiation between age and AUC of S-diacetolol wa




not significant (r=0.382).

Renal clearance (r=0.917) and £Xu (r=0.710) of R-diac:tolol were observed to
correlations of CL,, (r=0.847) and EXu (r=0.723) versus CL,, were seen (Fig. 3-9),
whereas no significant associstions were observed with AUC (r=0.567), and 8
(r=0.300).

S:R ratio of acebutolol enentiomers in urine (TXu) was observed (r=0.677). However,
age was related 10 but not significantly associated 10 the AUC S:R ratio of acebutolol

(r=0.628). For diacetolol, neither AUC (r=0.395) nor EXu (r=0.565) S:R ratios were
significantly relsted 10 age.

3.2.2.7. Correlations between CL,, and enantiomer disposition

The enantiomeric ratios of acebutolol ia plasma (AUC S:R; r=0.807) and urine
(X S:R; r=0.007) was highly correlated 0 CL,. As CL. values declined, &
subssquent decling in the S:R ratio of acebutolol towards uaity was obesrved (Fig. 3-10).
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Similarly, a decline in the S/R ratio of diacetolol in urine was evident (Fig. 3-10), The
AUC SR natio of diacetolol was however, not significantly associated with CL,,
(r=0.060)
3.2.2.8. Protein binding.

Plasma protein binding of acebutolol was neither stereoselective nor age-related.
The % binding was calculated 10 be 7.3+1.2% and 6.6+2.0% for R- and S-acebutolol
in these subjects; and 1649.1% and 1419.2% for R- and S-acebutolol in younger
subjects. These differences were not significant.

3.2.3. Arthritic Subjects

3.2.3.1. Pharmacokinetic differences between enantiomers.

Similar 0 healthy subjects, acebutolol disposition in arthritic subjects was
stereoselective (Fig. 3-11, Tables 3-IX, 3-X). Plasma concentrations (AUC) and LXu
of the S- enantiomer of acebutolol were 25% and 17% grester than its antipode,
respectively. Subsequently, the oral clearance of R-acebutolol was significantly grester
than S-acebutolol. Terminal t, of the enantiomers, however, were not sigaificantly
different. The renal pathway only constituted a minor elimination route for acebusolol
(generally less than 20% of an oral dose was recovered unchanged i urine withia 24 ),
Furthermore, in healthy subjects remal cloarance of the twe emantiomers wers not
significantly different (Table 3-1X). Hencs, the enantiomeric ratio of acebutolol excreted
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in the urine of these subjects (CXu S:R = 1.2140.11) reflected the ratio found in plasma
(AUC SR, 1.2410.08). Renal clearance of acebutolol in arthritic subjects, however,
was stereoselective in favour of the R enantiomer.

The AUG,,, and C_, of R-diacetolol were significantly greater than S-diacetolol

accounted for approximately 15% of the acebusolol oral dose with 50% greater amounts
of R as compared 10 S-diacetolol collected (EXu S:R arthritic, 0.6310.04; healthy,
0.6510.06).

3.2.3.2. Effect of arthritis on pharma cs of acebus
Although a trend existed in which arthritis was associsted with higher plasma
such that the CL,, of R- and S-acebutolol

concentrations of the acebutolol enantiomers
were 22 and 25% lower, respectively, this was only significant for the S enantiomer
(Table 3-IX). However, the terminal t,, values of S-acebutolol as well as those of R and
arthritic subjects as compared 10 controls were not sigaificant. In addition,
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not found 0 alter enantiomer S:R ratios of acebutolol and diacetolol in plasma or urine.

3.3.2. Fharme

3.3.2.1. intravenous doses.
similar pattems (Fig. 3-12a,b), with wo significant difference in either Vd or t,, (Table

for the R-enantiomer, consequent]

slightly greater. A significant decrease in the CL,,, of R-acebuiolol was seen when the
iv dose was increased from 10 mg/kg 10 50 mg/kg (Table 3-XI). A similar trend was
also soen with S-accbwiolol, but failed to reach a significant level. Hence, increasing

Xm.
With regard ©0 the metabolite, plasma
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significantly greater than S-diacetolol after the 50 mg/kg dose (Fig. 3-12b). Changing
dose did not significantly alter the AUC (Table 3-XI) or S:R ratio (10 mg/kg, 0.9110.1;
50 mg/kg, 0.86+0.1) of diacetolol. CL,., of diacetolol was stereoselective in favour

of the R enantiomer (Table 3-XIII).

plol were not

After ip doses (Fig. 3-12c), enantiomer concentrations of acet
significantly different from one another (AUC S:R, 1.0310.033). Assuming the entire
ip dose reaches the portal circulation, bioavailability reflects F,,,,, and was found to be

inately, due to an interfering

3.3.2.3. Oral doses.

We observed fluctustions in plasma concentrations of acebutolol in most rats after
oral doses, in the absence (Fig. 3-12d) or presence (Fig. 3-12¢) of food. However, food
was found 10 significantly decrease the AUC of the enantiomers of both acebutolol and
0.59; S, 0.63), as compared 10 the fed rats (R, 0.31; S, 0.33) reflects a 48% food-related

decrease in bioavailability. In fed rats, the F,,, was calculated 10 be 48% for R and S-

in both fasting (1.0210.03) and non-fasting (1.044.04) rats. However, CL,, was




significantly higher for the R enantiomer. T, and t,, values were not altered by the
presence of food. An insignificant trend of higher C,, was seen in fasting rats.

The AUC of R- and S-diacetolol after the 50 mg/kg oral doses were not
significantly different from those of iv doses, however when oral bioavailability was
considered and the values were corrected for the corresponding AUC of acebutolol, twice
the amount of diacetolol was present afier oral doses (Table 3-XII). Plasma
concentrations of diacetolol enantiomers were not significantly different from one another
(Fig. 3-12d,3-12¢). The S:R rmatio after oral administration (0.9240.1) was not
significantly different than that seen after iv doses (0.8940.1)

The CL,, of acebutolol was ctive in favour of the S enantiomer (Table
3-X1II) in both fasting and fed rats. Greater amounts of acebutolol enantiomers were
food-induced lower F. Nevertheless, EXu S:R ratios were not affected by food (Fasting,
1.1210.03; Non-fasting, 1.1610.07) nor were they significantly different from those
observed after iv (1.1410.06) « ¢ ip (1.1240.03) doses. With diacetolol, CL,,, was
stereoselective in favour of the R-enantiomer (Table 3-XIII) and similar S:R LXu ratios
were observed between oral (0.6840.04) and iv (0.6910.04) doses.

3.3.2.4. Bile Duct Cannulation.
'mmmmmimmmmm}m. With each




-61-
diacetolol. A smaller % of drug and metabolite was collected in bile after the id as
sd with the iv dose, nevertheless, when corrected for F, these differences were

not significant, Likewise, the IXb S:R ratio of acebutolol (iv, 1.19+0.06S; id,
1.17£0.029) and discesolol (iv, 0.90:0.05; id 0.81::0.08) was not affected. While the
AUC enantiomer S:R ratio of acebutolol was not significantly different from unity (AUC
S:Riv 1.01:4+0.011; id 1.00+0.034), stereoselectivity in diacetolol plasma concentrations
was observed after both iv (AUC S:R 0.77+0.069) and id (AUC S:R 0.77+0.049)

m,”iiil

3.3.2.5. In Vitro Gu.

The percent of acebutolol transferred through the intestinal wall to the serosal side

t of mucosal concentration in all segments (Fig. 3-13). Significant




swelling of the hind and fore paws were observed in the arthritic rats (arthrogram,
9.4+3.9), while physical changes were not observed in the control rats. Weight gain
was less in AA (-6.65116.2 g) than in controls (27.1114.3 g), therefore the mean
weight of the AA rats (239+24.1 g) was slightly but significantly less than that of
controls (2661+22.1 g) at the time of pharmacoki

In non-cannulated control rats, plasma concentrations of the active enantiomer,
S-acebutolol, were slightly but significantly greater than R-acebutolol at all measured

(Tow). The estimated average t,, of the enantiomers were similar (R-acebutolol, 2.9 h;

S-acebutolol, 2.8 h). Interestingly, the S:R ratio at earlier sampling times (0.5-2 h)
and log concentration (r=0.787) versus S:R ratios were found to be significant

(p<0.001). The enantiomer ratios during the eliminat
Concentrations of S-diacetolol were 18% greater than R-diacetolol at 0.5 b in
concentrations of diacetolol were very low and undetoctable in a few samples, exhibiting

phase, at 4-8 h, were not




3.3.3.3. Acebwolol in arthritic rats.
Plasma concentration vs time curves for R- and S-acebutolol in AA as compared
to control rats are shown in Fig. 3-15. Plasma concentrations of both enantiomers were

seen at 0.5, 1 and 2 h, respectively. Subsequent plasma levels were not significantly
was approximately 150% greater in AA rats for both R- (AA: 1719, control: 689 ug.h/L)
and S-acebutolol (AA: 1843; control: 750 ug.h/L). AA did not affect T, (2 h in both
groups). The terminal t,, of the enantiomers were not prolonged by AA (control: S, 2.8

h, R, 29 b; AA: S, 1.8 h, R, 2.0 h). Plasma conc

(r=0.838) versus S:R ratios of acebutolol at 0.5-2 h were also found to be significant in
jency sppeared 10 be slightly greater than in
it (Fig. 3-14).

Plasma concestrations of both R- and S-diacetolol were generally greater in AA
rats (Fig. 3-16). However, this difference was only significant at 2 h (Table 3-XV).
sely 150% gremter in AA

AA (p<0.001). This concentration-depen

The calculated AUC value for R and S-diacetolol was appec

(AA: R, 403; S, 394 ug.WL vz control: R, 159; S, 158 ug.WL). T, was also attained
faster in AA rats (AA: 2.0 h, control: 4.0 h). There was no significant effect of AA on
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variability of this ratio was high in both control and AA rats. Interestingly, the S:R ratio

of diacetolol enantiomers was significantly lower in AA as compared (o the control rats
at the early sampling times (Table 3-XV).

3.3.3.4. Protein binding.

At 100 ng/ml, the extent of binding to plasma proteins was 8.040.8 and 9.0+4.9
for R-acebutolol, and 7.041.2% and 7.043.0% for S-acebutolol in control and arthritic
rats, respectively. At 500 ng/ml protein binding was 10+4.6 and 11+4.2% for
R-acebutolol, and 124 5.0 and 12.515.5% for S-acebutolol in control and arthritic rats,
respectively. Protein binding was neither concentration dependent nor stereoselective and
was not significantly altered in adjuvant induced arthritis.

3.3.4. Effect of Arthritls on the Pharmacokinetics of Propranciel in Rats.

3.3.4.1. Induction of arthrits.

Approximately 21 days after ip injection of adjuvant, mild to moderate swelling
of the hind paws was evident in the AA rats (Al= 2.311.9). In AA all erythrocyle
sedimentation rates (ESR) were greater than 3 mm in the first hour. Physical changes
were not observed in the control rats. On the day of propranolol administration, the
mesn weight of the AA rats (220428 g) was slightly but not significantly less than that
of controls (256136 g).
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In order to account for first-pass metabolism, we chose larger doses of
propranolol for oral administration as compared with iv doses. Accordingly, in the
control rats, plasma levels after an oral dose of 30 mg/kg were comparable to those after
a 2 mg/kg iv dose (Fig. 3-17). A pronounced stereoselectivity in the plasma

ratio was observed to decline with

R enantiomer was significantly greater (AUC R:S, 3.0+ 1.1) and its CL,,, was less than
significantly greater than that of S-propranolol in all animals (Cmax R:S, 4.9+ 1.3) while
the time to reach C,, (T,,) was not significantly different between the enantiomers

In all rats, CL,, of S- ly grester than its antipode.
Hence, bloavailability was sterecsslective aad was calculsted 10 be 21410% for
R-propranolol and 1249% for S-propranolol in controls.




3.3.4.3. Effect of adjuvant arthritis in vivo.

33431 LV, dose. Asdepicted in Table 3-XVI and Fig. 3-18, the disease did not
ol or the S:R ratio of propranolol in plasma (AUC S:R
AA: 0.3940.23; Control: 0.3710.11).

33432,  Onl dose. After oral administration, CL, of both enantiomers were
ificantly decreased, resulting in a significantly greater AUC and bioavailability of

ol (Fig. 3-19, Table 3-XVII). Although significant for both
4 fold increases in the AUC of R- and S-propranolol were seen, respectively. This
resulted in a significant change in the AUC R:S ratio of propranolol from 4.311.2 in
controls 10 1413.0 in arthritic rats.

4 and 10 fold greater C_, for S and R-propranolol, respectively, (C... R:S AA:
1140.81, control: 4.941.3). The effect of AA on t, was insignificant.

Microsomal oxidative activity was apparent in livers from both AA and control
 rats. The time-course of {x wero metabotism of R- and S-propranclol are shown in Fig.
wly siower ia AA as compared 10 controls. This




the S- enantiomer remaining at each sampling ti ol. In control

Approximately 10-16 days or 21-28 days after induction of severe or mild AA,
in the arthritic rats. The observed inflammation in severe AA, as measured by changes

3.3.5.2. Swereoselective disposition of propranolol.
A proacunced s ty in the plasma concentrations was observed in all
tly grester than that of S-propranclol in all animals. while the time %0 reach




Cau (Tass) Was not significantly different between the enantiomers. Similar t'As for R-

Treatment with ketoprofen significantly reduced the Al only in the severe model
of AA. In mild AA, the AUC,, of R- and S-propranolol was not signific

tly different
enantiomers were significantly lower in ketoprofen as compared to control AA (Table 3-
XIX). Neither the t,s nor the enantiomer S:R ratios of propranolol were significantly

In nontreated AA controls, greater AUCs and hence lower CL,, of propranolol

Hence, the AUC R:S ratio was
also significantly aliered (Table 3-XVIII). A high correlation between the Al and the
AUC,, of R- (r=0.79) and S-propranolol (r=0.80) was found (Fig. 3-22). The AUCs
of R- and S-propranciol were also significantly related 10 other measures of disoase
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enantiomer, the AUC R:S ratio was significantly higher in the SEVERE,y group. The

relationship between disease severity (AI) and AUC,, of R- (r=0.74) and S-propranclol
(r=0.59) was also significant in these rats (Fig. 3-22). Disease severity had no
significant effect on the 1% values of propranolol in either the ketoprofen-treated of
control groups.

3.3.6. Proteln Binding of Propranciol.

3.3.6.1. Heolkxy versus arthritic rats.

Protein binding was stereoselective in favour of the R enantiomer in plasma
obtained from arthritic and healthy rats. The unbound fraction of both propranoiol
enantiomers were significantly reduced in arthritis at both 2 and 10 mg/L (Table 3-XIX).
At 10 mg/L this increased binding was more pronounced with the R enantiomer resulting
in a significant increase in the fu S:R ratio from 1.44 in controls 10 8.18 in arthritis.
Concentration dependency, in that protein binding is reduced with increasing
concentration, was observed with both enantiomers in plasma obtained from coatrols but
not arthritic rats.

3.3.6.2. Kesoprofen and nontreased arthrisic ress.
The plasma protein binding of propranciol was stereceslective in favour of the R-
onantiomer in both control and ketoprofen-trested rats. Usnfortunately, dus 0 the
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inadvertent loss of sample, we were unable to collect sufficient plasma from rats with
mild AA. Therefore plasma protein binding was only determined in SEVERE, o, and
SEVERE,; AA rats. Treatment with ketoprofen was found to significantly increase the
fu of both R- and S-propranolol (Table 3-XIX). The fu S:R ratio decreased from
8.141.7 in controls t0 4.411.2 in ketoprofen. When protein binding of all rats were
combined, a significant relstionship between the Al and fu of R- (r=0.62) and S-
propranciol (r=0.69) was observed (Fig. 3-23). In addition, the relationships between
AUC and fu of R-propranolol (r=0.63) and the AUC and fu of S-propranclol (r=0.62)
were significant (Fig. 3-24).
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Table 3-IIl. Accuracy and Precision- Propranolol
Mean (standard deviation), n=9

Concentration (ng/mL)
Added Measured
R 8
9 51.84.0) 52.8(4.3)

504 (26.9) S12 (13.4)
990 (36.7) 993 (32.7)

432 2448
(83.7) 2.4
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Table 3-V1. Effect of Age and Creatinine Clearance on
Pharmacokinetic Parameters (r = Pearson correlation coefficient)

Cler

r

- 0.429

-0.279

+ 0.429
+ 0.569
+ 0.745*
+ 0.780*
+ 0.761°
+ 0.853*
+ 0.807*
+ 0.807°

Cler

r

- 0.659
- 0.5%4
+ 0.606
+ 0.300
+ 0.915*
+ 0.847+
+ 0.710*
+ 0.723+
+ 0.060
+ 0.689*
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Houwrs
0.5
1.0
2.0
4.0
6.0
8.0

(AA) and Control Rats. Mean (+ SD), n=36

AA Control AA Control
1.27 £ 0.14 1.22 + 0.05 0.92 + 0.24° 1.22 + 0.11
1.21 £ 0.15 1.31 £ 0.12 0.92 + 0.16 1.37 £ 0.19
1.03 £ 0.07 1.06 1+ 0.05 0.95 + 0.19 0.84 £+ 0.19
1.14 £ 0.09 1.16 £+ 0.05 1.11 £ 0.38 0.89 £ 0.11
1.09 £ 0.03 1.11 £ 0.06 1.53 £ 0.43 1.00 + 0.07
1.02 £+ 0.10 1.07 £ 0.08 1.23 £ 0.31 0.96 + 0.16

* significantly different from controls.



Table 3-XVI  Pharmacokinetic Parameters of Propranolol
Enantiomers in Arthritic and Control Rats after IV
Administration of Racemate (n=6).

AUC,, CL,,

(rg.WL) (L/w/kg)
R S R S

1185 432* 093 . 0.74 4.62*
37 175 029 0.86 . 023 117

1518 525* 0580 23°* O 2 048 3.56*
689 259 034 10 8 02 L7

+, significantly different from R-PR.
#, not significantly different from control.
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Table 3-XVIII. Disease Severity and Pharmacokinetics
of Propranolol in KT-Treated and Control Arthritic Rats.

0.24 (0.31)

1.21 (0.73)

16200
(12600)

1760
(1290)

9.09 (2.09)

1.35

0.38 (0.52)

0.04 (0.1) 2.78 (1.9)*

0.97 (0.53) 1532

15800
(10100)

1720

11.9(1.37)*

0.164°
(0.99)

226

c),ﬂ@mmwuﬂumm

3sT(01.9v

0.83 (.54) ™

0931(37)*

39200 ™
(14300)

2920°
a12709)

142271

0.406 ™
©.17)

6.08 ™
0.3)




Table 3-XIX Fraction Unbound % of Propranclol Enantiomers in
Plasma obtained from AA and Control Rats(n=3)

4.5)

41.6™
* «m
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Figere 3-2 Chromatograms of (A) drug-free plasma, (B) plasma spiked
with 20 g/l of + AC aad (¢

(1phmmlehkﬂ
h following oral tra ofub;h@mgm
of AC 10 a healthy subject. Peaks: 1 and 2 = internal
standard; 3 and 4 = R and S-AC; S and 6 = R- and §-
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Figure 3-3 Chromatograms of (A) blank plasma, (B) plasma spiked with
100 ng/mL of + DC and (C) plasma spiked with 100 ag/mL of
+ AC and + DC. Peaks: 1 and 2= internal standard; 3 and
4 = R and S-AC; 5 and 6 = R- and S-DC diastercomers.
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MHHPLC romatograms of (A) drug-free plasma, (B) plasma
mmsmwmﬁim,m(mamm
taken 4h following oral admini on of (1) PR (30 mg/kg)
in an AA nat. Pahnnm&éaﬂm!im.m
standard; at 12.7 min, R-PR; and at 19.8 min, S-PR

diastercomers.
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Figure 3-§ Plasma concentration versus time profiles for R and S-AC in a

representative young healthy subject after um;leZNuonl
dose of AC (O) R-AC; (@) S-AC.
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Figure 3-6 Plasma concentration versus time profiles for R and S-DC in a

representative young healthy subject after
dose of AC. (O) R-DC; (@) S-DC. " single 200 mg o
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Figure 3-7 mmm)mnm S-i)th  time profiles for (A) R- aad S-AC
& representative healthy subject
afier a single 200 mg oral dose of AC. o ’
(O) R-AC; (@) S-AC; (a) R- DC; (a) $-DC.
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Figure 3-8 Elimination rate of AC and DC enantiomers versus age (A,B)
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Figure 3-11 Plasma concentration versus time profiles for (A) R- and S-
AC and (B) R-and S-DC in a representative arthritic subject
M:mmqaﬂdﬂﬂm (O)R-AC; (@) S-
AC; (O)R-DC; (@)S-DC.
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Figure 3-12 Plasma concentrations of R- AC (O) and S- AC (@) and
mmm—x O; 8-DC, ©) in representative
ninistration of + AC
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7% AC Transferred

Figure 3-13 Percent of AC transforred into the intestinal sac (%
serosal/mucossl concentration) after incubation with 1 mg/L
R, O0; S,0) or 250 mg/L (R, V; S, a) racemic AC
(mean+SD, n=10).
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Figure 3-14 S:R¢ ratio versus concentration of R-AC.

AA (O); 'm (a) during 0.5-2 h period.
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Figure 3-15 Mean plasma concentration versus time curves for AC
enantiomers in AA and coatrols, AA: R-AC (@); S-AC
(O), CONTROL: R-AC (a); S-AC (a). Significantly
different from controls (*).



100 -
=
£
o 754
3
Ie) _
o S0 -
-t
o
O
O
o 254
aQ
@)

-104-

~ Figure 3-16 MMMMMMQM

rs in AA and controls. AA: R-DC (@); $-DC
(O), CONTROL: R-DC (a); S-DC (a). Significantly
differeat from costrols (*).
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Plasma Conc. (ug/L)

CTE R e e e
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Figure 3-17 Mean plasma concentra sus-time curves in control rats
(n-Qmmhﬂ@)ﬁﬂMﬂimm)
R-PRO; S-PR B).
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Figure 3-18 Mean plasma conces stion-versus-time curves of (A) S-PR
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Figure 3-19 Mean plasma concentrati pus-time curves of (A) S-PR
Iﬂ@)k—ﬂhmﬁcm-ﬂueomﬂ(iiﬂmm
oral administration. AA: (R-PR, O; S-PR, @). Coatrols:
R-PR O; S-PR B).
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Figure 3-20 Mean percentage PR remaining versus time in microson
from AA aad coatrols (a=4) AA: (R-PR, O; &m.o)
Controls: (B R & S-PR).
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AUC S-PR (mg*h/L)

AUC R-PR (mg*h/L)

2 4 6 8 10 12
Arthritic Index

Figere 3-22 AUC of (A) S-PR aad (B) R-PR versus arthritic index in
ketoprofen trested (OJ) and costrol (O) arthritic rats.
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Figure 3-24
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Oral clearance of (A) SPR and (B) R-PR vorsus
fraction “(S) in ketoprofea treated (©) and
control (a) arthritic rats.




4. DISCUSSION

4.1 HPLC Assays
4.1.1 Acebutolol

Chiral derivatization with subsequent separation of diastereoisomers
been reported for a number of S-adrenoceptor blocking drugs (Thompson er al., 1982;
Pflugmann et al., 1987; Caccia et al., 1978; Hsyu & Giacomini, 1986). Either
enantiopure S-(-)- or R-(+)-1-phenylethyl isocyanate have been used for separation and

has recently

To date, the two reports of separation of acebutolol and its active metabolite,
diacetolol, utilize either optically pure S-(-)-N-trifluoroacetylprolyl chloride (Sankey e
al., 1984) or R-(+)-phenylethyl isocyanate (Gulaid, 1985) as derivatizing reagents. The
rolyl chloride, such as racemization, as well as

n (Up 0 15%) with the (+)-enantiomer has been well documented
(Thompson ef al., 1982; Gulaid er al., 1985). Previous studies with S-(-)-pheny)

anate suggest that a somewhat lengthy reaction time is required (Pflugmann ef al.,
(Gulaid ¢r ol., 1985). We decided %0 use optically pure NEIC as an alternative 10 the
phenylethyl isocyanates as fluorescence and hence, seasitivity, of the derivative might be
(+)- or $-(-)-napthylcthy! isocyanate (NEIC) for derivatiz




& Mihellyes, 1984; Darmon & Thenot, 1986; Spahn e al., 1988).

Derivatization of acebutolol and diacetolol with NEIC was found to be
virtually complete within 10 min. Studies with other isocyanates have shown that
derivatization of beta-blockers is rapid (Gourmel et al., 1980; Schieffer, 1980; Gabriel
et al., 1980). Contrary to these findings, a previous study (Darmon & Thenot, 1986),
that incubation of samples at 37° C for 1.5 h was necessary.

Formation of both the urea and carbamate derivatives of a racemic drug results

in multiple diastereomer derivatives, thus obscuring analysis of the enantiomer
concentrations. However, identification of the two peaks corresponding to acebutolol
Consistent with other reports (Thompson ef al., 1982; Gulaid et al., 1985), it was noted
that NEIC in large excess did not result in formation of the carbamate derivative.
Similarly, increasing the reaction time of der tion did not result in formation of the
carbamate derivative. Based on this finding, it may be reasonable to suggest that similar
compounds possessing the secondary amino group, £ to the hydroxyl functional group,
form urea derivatives.

65-75% with diethyl ether has beea previously reported (Gulaid er al., 1985). However,
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extraction of acebutolol was greater than 80 % and 3) sensitivity of diacetolol
enantiomers lower than 10 ng/ml was not required for phar

acokinetic analysis.
Our attempts to separate enantiomers of acebutolo! using reversed-phase HPLC,

(Fig. 3-1). The identity of this peak, however, is unknown but may be a dimer or trimer
Moreover, if a large excess of NEIC was used, or if derivatizatios

was conducted under
in size by 1) the addition of ethanolamine, as suggested by Pflugmann er al. (1987) for
metoprolol and phenylethyl isocyanste t0 stop the reaction, or 2) by utilizi

nﬂgmﬂ:ﬁmmmmﬁm.mdmmmmheémmm
separation of the diastereoisome

of a sumber of compounds which possess a secondary amino moiety # 10
the hydroxy group. Derivatization with NEIC appears 10 have wide applicability as
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atenolol, nadolol, pindolol, propranolol, sotalol, toliprolol and tocainide enantiomers
were successfully separated and detected. Only minor modifications to the mobile phase,
excitation and emission wavelengths were required for detection of these compounds.

4.1.2 Propranclel
Numerous methods involving chiral derivatization have been reported for the

separation of propranoiol enantiomers. Unfortunately, the applicability of these methods
for our pharmacokinetic studies was limited as many lacked sensitivity (Sedman & Gal,
1983; Schmitthenner er al., 1989) or convenience such that lengthy preparation times
were required (Linder ef al., 1989), interfering peaks were present or they did not have
an internal standard (Schaefer er al., 1990). Furthermore, in our laboratory, the methods
we reproduced were found to lack sufficient resolution o quantitate samples possessing
large differences in enantiomer concentrations (Langaniere er al., 1989). We thus
utilized chiral desivatization with NEIC and developed a normal phase HPLC assay
suitsble for stereoselective pharmacokinetic studies of propranolol in rats. Separation of
propranolol enantiomers with this assay was found 0 be more convenient than previously
reported stereospecific methods (Langaniere ef ol., 1989; Schaefer ef al., 1990; Linder
e al., 1989) as sample preparation was rapid (approximately 20-30 min) and oaly a 25
minte run time was required. Semsitivity and accuracy were adequate for
~ pharmacokinetic studies (Table 3-III). In addition, excellent resolution of diassereomer
poaks (Fig. 3-4) allowed accurate ensantiomer quantification in plasma samples posssssing
high S:R ratios. The extraction yield was not determined as diethy! ether extraction was
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found to be suitable for the extraction and detection of relatively low concentrations
(ng/ml) of propranolol enantiomers in small sample sizes. Furthermos
analytical methods using diethyl ether as an extraction solvent have reported extraction

efficiencies of between 78-90% for the propranolol enantiomers (Langaniere er al., 1989;
Guttendorf er al., 1989).

4.2 Disposition Studies of Acebutolol Enantiomers in Humans

4.2.1. Pharmacokinetics of acebutolol emantiomers in healthy subjects

The antihypertensive agent, acebutolol, introduced in France by May & Baker in
1974, is extensively used worldwide. Several articles which review the nonsiereoselective
are available in the literature (Maxwell & Collins, 1974; De Bono ef al., 1985; Singh
et al., 1986; Foster & Carr, 1990). Acebutolol is a relatively hydrophilic cardioselective
Pharmacological activity of its major metabolite, diacetolol, is similar t0 that of
acebutolol.

In all subjects, we cbserved a stereoselective dispositic
slightly higher plasma concentrations of the active, S-(-)-enantiomer (Fig. 3-5). This is
contrary 10 a previous report of one subject (Sankey ef ol., 1984), in which plasma
concentrations of acebutolol were superimposable. This discrepancy may be due 10 the

solol, with
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the previous study utilized S-(-)-N-trifluoroacetylprolyl chloride as a derivatizing reagent
which is known 10 undergo racemization (Thompson er al., 1982; Gulaid ez al., 198S),

(R + S) values we obtained in these subjects were similar to those previously reported
for racemic acebutolol and diacetolol (Gulaid ef al., 1981; Zamon er al., 1984; Roux er
al., 1980s; Roux et al., 1983a).

metabolism to diacetolol, such that only 35% of a dose is systemically available in man
(Roux et al., 1983a). This pathway may be saturable as the pharmacokinetics of
acebutolol have been shown 1o be dose-dependent after oral administration (Meffin er al.,
1978), but linear after iv administration (Meffin er al., 19773). However, based on

mL/min afier an intravenous dose and CL,. values of approximately 150 ml/min (Roux
et ol., 1983a; Meffin ef al., 1977a; Roux ef al., 1980s) and assuming a liver plasma
flow of 0.8 L/min (Gibaldi & Perrier, 1982; Colburn, 1988), extraction ratios between
0.47 and 0.58 are calculated for acebutolol. This indicates that acebutolol undergoes a
moderate rather than extensive degree of metabolism upon first pass through the liver.
The 32% and 36% oral bioavailsbilities we estimate for R- and S-acebusolol from our
metabolized.

Metabolism of acebutolol occers primarily via hydrolysis of the butyramide group
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to form acetolol, followed by N-acetylation to diacetolol (Fig 1-1). After oral doses in
man, the intermediate acetolol accounts for less than 10% and diacetolol more than 60%
of recovered drug in urine (Andresen & Davis, 1979). Similar to others (Winkle ef al.,
1977), an extensive formation of the diacetolol metabolite was seen. We observed both
the R as compared 10 the S enantiomer. This suggests that the metabolism of acebutolol

%o diacetolol is stereoselective for the R enantiomer. Thus the formation rate and/or
extent of biotransformation of R-acebutolol o R-discetol
S-acebutolol 10 S-diacetolol, resulting in higher con

diacetolol. Thus a stereoselective metabolic conversion of acebutolol 1o discesolol, in

sm of

Dl is greater than m
pns of the R enantiomer of

favor of the R enantiomer, could, in part, account for the observed stere
The presence of site specific transport proteins could, perhaps, result in

et al. (1989) suggested the existence of a stereoselective absorption process for stenolol.
More recently, however, it was found that differences observed in the disposition of
et al., 1990). However, the absorption of acebutolol is virtually complete in man as only
11% of an oral dose is reportedly unsbsorbed (MefTia ef al., 1978; Gabriel e ol., 1981;
Roux ¢f al., 1963a). Purthermore, drug absorption is generally a passive process and
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requiring an active transport system. The few exceptions (eg. L-dopa; Wade ef al.,
1973) include compounds which are similar to endogenous substances.
bility. We tested this possibility by assaying both enantiomers in acebutolol
tablets. In all cases, we consistently found that, indeed, the ratio of the two enantiomers

was unity. Thus differences in the bioavailability of acebutolol enantiomers likely stems
from sereoselectivity in its first pass metabolism rather than absorption.

for other 8-blockers such as metoprolol (Lennard ef al., 1983), propranolol (Walle ef al.,
1984), bufurancl (Dayer er al., 1986), peabutolol (Ochs er al., 1986), and xibentolol
(Hoama ¢1 ol., 198S). Similarly, stereoselective hydrolysis by blood esterases has been
reported for the beta-blocker esmolol (Quon er al., 1988).
hﬂdﬂblﬂﬂﬂ.MEiﬂmwsbm&
hmmdmﬂmﬁMSMad. 1977s) and
10-30% (Roux er ol., 1983a; Gulaid e ol., 1981; Gabriel er al.,1981) of a t0tal dose
afer iv and oral administration, respectively. A greater amount of the S eaantiomer was
recovered in wrine as compared 10 that of its antipode (Tuble 3-1X), suggestive of either
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a higher bioavailability or a greater renal clearance of this enantiomer. Renal clearances

in urine (EXu S:R,1.2110.11) reflected the observed plasma ratio (AUC S:R =

collected in urine.
Disposition of diacetolol was also found 0 be stereoselective, with greater

3 of the R enantiomer found in urine and plasma (Fig. 3-6; Table 3-X). As
greater for the R enantiomer. The significantly longer t,, and greater renal clearance of
R-diacetolol as compared 10 S-discetolol suggests that in addition 0 an apparent

may also be stereoselective in favor of the R enantiomer. Indeed, renal clearance was
significantly greater for R- than S-diacetolol (Table 3-X). Diacetolol is known t© be
excreted extensively through the kidneys, and values obtained were similar 10 previous
reports (Zamon ef al., 1984; Roux ef al., 1980b; Zamon et al., 1985; Flouvat et al.,
1981), therefore differences in renal clearance values could account for the significant
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t'% of S-diacetolol was significantly longer than that of the parent drug, this was not
found 10 be the case with the R enantiomer. Considering that the t1/2 of R-diacetolol
was similar to that of the parent drug, this may indicate that the time course of R-
diacetolol is formation rate limited (Pang, 1985).

In regard to stereoselective renal clearance observed for diacesolol, as glomerular
filtration is a passive process and protein binding of diacetolol is limited (6-10%;
Coombs, 1980), it is likely that the renal clearance of diacetolol involves tubular
secretion and/or reabsorption. At present we do not have evidence to support either an
active resbsorption or secretion process. Nevertheless, such evidence does exist for other
similar racemic drugs including pindolol (Hsyu & Giacomini, 1985), atenolol (Mehvar
et al., 1990) and metoprolol (Lenard er ol., nm).unnaumm
disopyramide (Le Corre 1 ol., 1988).

An interesting cbservation in the majority of young and aged subjects (14 of 21),
was the occurreace of multiple peaks for acebutolol plasma concentration curves.
Although erratic absorption has been previously implied for acebutolol (Winkie ef ol.,
1977; Zaman et al., 1984), the incidence of multipie peaking has not been reported for
the drug. Nevertheless, in most cases, pharmacokinetic studies afier oral doses have
reported mean values which may mask fluctuations in plasma concentrations rather than
examining concentration-tims curves for individual subjects (Gulaid er ol., 1981; Kaye
~ atal., 197%; Roux et al., 19800, 1983a, 1963b; Zamen ef al., 1984, 1985). With other
agents, this phenomenoa has besn attributed 10 a multitude of causes such as intestinal

sheorption windows, changes in gastrointestinal motility or emterohepatic recirculation
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(Plusquellec e al., 1987; Oberle & Amidon, 1987; Suttle ef al., 1992). For acebutolol,

4.2.2. Pharmacokinetics of acebutelol enantiomers in the elderly.

The prevalence of inflammatory disease is much greater in the elderly population.
In these subjects, physiological properties affecting drug disposition are progressively
altered (RoubenofY, 1993; Greenbiatt ef al., 1982). Some of these physiological changes

such as propranciol, labetalol, and oxprenolol both alteration in liver blood flow and
intrinsic metabolism in the clderly have been reported 1o affect their pharmacokinetics
(Castieden e1 al., 1975; Castieden & George, 1979; Hitzenberger er al., 1962; Kelly ef
ol., 1982; Rigby er al., 198S5). We, however, did not cbserve any effect of aging on the
AUC or oral clearance of acebutolol. This may be due 10 a less prosounced first-pass
elimination of acebutolol as compared 10 drugs such as propranciol, clearances of which
can dramatically change with small changes in Liver blood flow. Furthermore, the
metabolism of acebutolol has been reported 10 be relatively unaffected by chronic liver
disease (Zamen er al., 1985), indicating that the liver has a high capacity for metabolism
of scsbutolol. Accordingly, in healthy elderly subjects, changes in enzyme activity or
liver blood flow may not bs extensive encugh 10 affect the metabolism of acsbutolol. The
lack of effect of aging cbeerved by us is contrary 10 a previous study reporting higher
AUC valuss and longer 1443 in elderly subjects (Roux o al., 1963). However the
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ranged from 60 10 7S years, the average age in their study was 79 years. Hence, it is
possible that changes in clearance of acebutolol may only become apparent in much older
subjects.

Despite the lack of significant effect on AUC, the cbserved significant age-related
clearance changes of acebutolol as increases in Vd may subsequently incur similar
increases in t,,. Nevertheless, it is unlikely that small and insignificant changes in the
binding of minimally protein bound drugs such as acebusolol would substantially
subjects is indicative of a reduction in the clearance of acebutolol. Oral clearance and
AUC values may not reflect the reduction in systemic clearance if the oral bioavailability
of acebutolol is also decreased in the elderly. As liver blood flow is generally reduced
in the elderly, this may result in both a decreased bicavailability and reduced hepatic
& Perrier, 1902).
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That is, decreased CL,,,, in the elderly rather than the age per se, is mainly due 10 their
reduced renal function. Previous studies (Roux ef al., 1980b; Smith ef al., 1983) have
were slightly but significantly greater than those of its antipode (Fig. 3-7). Interestingly,

age appears 10 have an effect on stereoselective dispos

in urine was observed 10 decline with increasing age. (Fig. 3-10b). A stronger
mdhﬁ-sxmmm(ﬁ;}mmmmmkm

indicating that in addition %o filtration, tubular secretion and/

fenction.
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ers, the change in the plasma

or biliary clearance which may also be altered in aged subjects. Further studies are
required 10 determine the cause of this effect of aging on the stereosclective disposition
of acebwiolol. Nevertheless, the clinical relevance of this observation may not be
significant as the degree of sereoselectiv

The pharmacokinetics of the metabolite diacetolol after administration of

ity of acebusolol is minimal.

acebutolol has been previously reported 1o be affected by age (Roux ef al., 1983b). The
authors speculated that higher plasma levels and prolonged elimination in the elderly
subjects could be due 10 diminished renal function, as diacetolol is primarily excreted
and may accoust for 1/3 of its total body clearance (Flouvat e al., 1981). Purthermore,
with provious reports (Roux o ., 19830; Gulsid of al., 1961). This may reflect
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incomplete absorption of acebutolol or biliary excretion of acebutolol and/or diacetolol.
On the other hand, the low recovery may be due to formation of other metabolites.

Asexpected.CL_ofdiaeaololmﬁonmmobmedtodiuﬁniﬂwimage
(Fig. 3-9b). Since CL,, and EXu were highly correlated with C1,, (Fig. 3-9d), declining
renal clearance in the elderly can mainly be attributed to diminished renal function.
mmhmmmmmmemmaﬁmhnym
mmmmmwmammww. 1983;
Kirch 1982; Roux 1980b). Diminished renal clearance of the beta-blockers sotalol and
pindolol has also been observed in elderly subjects (Ishizaki er al., 1980; Gretzer ef al.,
1986).

In these subjects, a stereoselective renal clearance of R-diacetolol was observed.
mmms:nmammtmwwy
relsted o Cl, (Fig. 3-10f). Thus diminishing renal function also affects the
stereoselective disposition of diacetolol. This further supports the notion of an active
mmw«m«wmmwmmu
may be affected by declining renal function. The active renal tubular secretion of the
basic drug procainamide and its acetyl metabolite has been shown 10 decline with age
(Reinberg ef al., 1980). A similar active carrier-mediated ronal transport sysem may
uwuwwmmmuhw
metabolits, diacetolol.



of acebutolol was found to be

minimal in the patients examined. Although a non-significant trend in which slightly
higher AUCs of R-acebutolol were present in arthritic subjects, it is unlikely that there
is an appreciable effect of arthritis on the clearance of R-acebutolol. On the other hand,
ance and prolonged t,, values of S-acebutolol st

ics of acebutolol occur in inflammation.

the significantly reduced oral clea

The lower oral clearance and higher AUC values of S-acebutolol in arthritic as

compared 0 healthy subjects indicates either an increase in the absorption and/or a
healthy subjects (Meffin er al., 1978; Gabriel e al., 1981), therefore absorption would
not be expected to increase any further in arthritic subjects. Fu re, as absorption
is a passive process, it is not likely that an enhanced absorption of acebutolol would
result in a significant increase in the AUC of the S but not the R enantiomer.

A reduction in clearance may arise as a function of renal or nonrenal pathways.
However, the CL,, was only found 10 have a minor (~ 10%) contribution 10 the CL,,
of acebutolol, and was not significantly different in arthritic as compared 10 healthy

Arthritic-induced changss 10 the AUC of S-accbutolol could result from a
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reduction in presystemic and/or systemic metabolism of the drug. However, if one
assumes that increases in t,, is indicative of the systemic clearance of acebutolol, then
the increased AUC or decreased CL,, may more likely be due to reduced systemic rather

c availability is responsible as the amount of acebutolol enantiomers

bioavailability based on the urine collection is not conclusive, as although the period of
urine collection (24 h) equaled approximately five t,, in healthy subjects, this period only
equaled three to four t,, in arthritic subjects.

basic drugs which results in a decrease rather than increase in its Vd.

increases in the limited (6-10%) binding of acebutolol and diacetolol (Coombs ef al.,

binding are thought t0 result from a reduced intrinsic clearance. As plasma concentrations
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values in arthritis may indicate a reduction in both the formation and clearance of

diacetolol. As the CL,, of diacetolol was not significantly different in arthritic patients,
longer t,,3 may result from a decreased non-renal route of elimination, similar to that
hypothesized for elderly subjects. Administration of the pure metabolite would be
required 10 determine the effect of arthritis on formation and clearance parameters of
diacetolol.

Interestingly, in arthritic patients, the renal clearance of acebutolol was found to
be stereoselective in favour of the R enantiomer. This was not the case in the healthy
subjects. This finding, combined with the observation that in elderly subjects there is an
age-reiated decline in the urinary enantiomer ratio of acebutolol, appears to implicate
involvement of an active renal process. Altered physiological states such as arthritis
likely results in minor changes to the stereoselective nature of this carrier mediated
transport system.

Ovenall, the differences between the pharmacokinetics of acebutolol and diacetolol
enantiomers in arthritic and healthy subjects were minimal and not therapeutically
relevant. It is possible that arthritis-induced changes in drug disposition are minimized
or suppressed in these patients, as our arthritic subjects did not have active disease due
0 concurrent use of medication (Table 1-III). In fact, in 3 of the arthritic volunteers,
sedimentation rate values were withia the normal range. In untreated patients or thoss
ssverely afflicted, arthritis-induced changes may result in more apprecisble changes in
acebutolol disposition. Therefore, we tested this possibility in an animal model.
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tion Studies of Acebutolol Enantiomers in Rats

To date, virtually no information on the disposition of acebutolol in the rat is
available. As the effect of arthritis was 10 be studied in female healthy and adjuvant-
induced arthritic Sprague-Dawley rats, it was necessary to first delineate the

inetics of acebutolol in this species. Ovenall, our results indicate that the rat
is a good animal model for studying the pharmacokinetics of acebutol
9.5% biliary and 25% urinary excretion of unchanged acebutolol are comparable to
humans, in which 2.7-8.5% and 13-25% of an orally administered dose is collected

aged in bile (Kaye & Oh, 1976) and urine (Roux et al., 1983a; Meffin ef al., 1978;
Ryan, 1985), respectively. After iv adn
with a t% of about 3 hr in humans (Roux ef al., 1983a; Roux er al., 1980n); this

compares favoursbly with the value of 2.030.5 hr in the rat. With regards ©
S:R, 1.0610.02), which is similar 10 what we observed in humans (S:R AUC,
1.20£0.10; IXu 1.1740.05). Larger amounts of the S isomer as compared 10 its

of the S as compared 0 the R

favour of R-acebutolol is responsible for this obssrvation. Furthermore, sterecsslectivity
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was dose-dependent, in that CL,, of the R but not the S enantiomer signific:

ity
decreased with increasing dose, resulting in lower S:R ratios with the higher dose.

observed and thus offers insight 1o the similar enantiomer disposition observed in
humans.

Metabolism of acebutolol proceeds in the same way, qualitatively, in man, dog
olic precursor of diacetolol, acetolol, has

and rats (Maxwell & Collins, 1974). The
been collected as a major metabolite (30%) in rat urine (Andresen & Davis, 1979), yet
is only found in minute quantities in human urine (Gulaid e7 al., 1981). Hence it appears
that quantitative differences in acebutolol metabolism exist between the two species.
Indeed after oral doses, diacetolol levels in rats (AUC diacesolol:acebutolol «0.2) were
much lower than those in humans (AUC diacetolol:acebutolol =2.0). Nevertheless,
presystemic diacetolol formation likely occurs in the rat as the AUC of diacetolol was
found 0 be twice as high after oral doses (Table 3-XII). Consequently, it is Likely that
presystemic metabolism of acebutolol in rats occurs in the liver and 10 a lesser extent
than that reported for humans,

mL/min/kg) reported liver plasma flow rates (Harashima e ol., 1985). Renal and biliary
found 10 enceed the hepatic pissma flow rate. This suggests involvement of an extra-
hopatic pathway of elimination for acebutolol (¢.g., gut or renal metabolism, intostinal
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much greater than that seen afier oral doses. As portal concentrations are higher after ip

as opposed to oral doses, differences in availability may be due to a saturation of first-

pass metabolism. ‘This is plausible as in rats, we observed a d
oral doses has been previously established in humans (Meffin er al., 1978). However,

pase in CL,, of

sment. We tested for the

possibility of gut metabolism. However, intestinal metabolis

occurs in the rat gut as perfusion of the isolated rat liver with acebutolol has not been

found to0 result in hepatic transformation to diacetolol (Alexander & Andresen, 1982).

Therefore, it is possible that accbutolol is metabolized in the gut but this

0 was not detected due 10 the conditions of our experiment, which only
involved serobic metabolism. On the other hand, it is possible that incomplete absorption
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gut (George & Gruchy, 1979). In dogs, elimination via the small intestine accounts for

8% of CL,, (Collins & George, 1975). This may also be the case in humans; after iv
doses, 16% of unchanged acebutolol is recovered in the facces of man (Gabriel ef al.,
1981) which is more than that reportedly collected from bile (Kaye & Oh, 1976).
Contribution of clearance along the gut could be responsible for this discrepancy, and
may also partly explain the low recovery (less than 40% of iv dose) of acebutolol as
either the acetylated or unchanged drug from urine and bile. In addition, as acebutolol
is cleared into the intestine, some reabsorption may occur, which could partially explain
fluctuation in plasma concentrations. The absence of erratic peaking after iv and ip doses
(Fig. 3-12), however, suggests that reabsorption alone can not account for the multipie

The food-related decrease in bioavailability of acebutolol could be thought to
result from either an incomplete absorption resulting from the interference of proseins
and fats in food or an increased first-pass metabolism due 0 increased liver blood flow
in fed rats. The 48% decrease in F,, and proportionally smaller AUC of diacetolol
(Table 3-XII) in fed rats suggests that the decreased bicavailability of acebutolol likely
stems from decreased absorption. Food has not been found to significantly influence the
pharmacokinetics of acebutolol in humans (Zamon ef al., 1984). The effect of fasting on
the CL,, of acebutolol was not investigated in this study as we were concerned with
~ determining effects of food on oral bicavailability primarily for subsequent study design.
K is interesting that we observed a similar incidence of multiple peaks in the

sbeorptive phase in our onally dosed rats (10 of 15 rats) as compared %0 what we



-135-
observed in humans (14 of 21 healthy subjects). The phenomenon

of multiple peaking
In this case, it is unlikely that

has often been attributed t0 enterohepatic recycling.

recirculation plays an important role because fluctuations in plasma concentration time
patterns were not observed after ip and iv doses (Fig. 3-12). Furthermore, although

dependency on administration route could be due to a saturable first pass elimination into
bile, there was no difference in the CL,, between iv and id doses. In fact, a
difference. Although animals were under urethane-anaesthesia which may result in
physiological changes 10 liver blood flow and gastrointestinal
after id doses was approximately 55% for both enantiomers, which is close 10 the
59-63% oral bicavailability observed in the unanesthetized rats.

©0 describe the multiple peaks seen with other drugs (Plusquellec er al., 1987;
Brockmeier ef al., 1986; Oberie & Amidon, 1987; Suttle er ol., 1992). For instance,

it has been suggested that with cimetidine dovble absorption peaks may occur due 10
based on hypothetical models and are yet t0 be proven either in wero or in W,
Existence of a classical absorption window such as that described by Plusquellec ef ol.
(1987) and others (Suttle e al., 1992) incorporates a nonabsosbing gastrointestinel
segment between one or more sbeorption sites. The cause of such discontinuc
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respect to acebutolol, this is unlikely, because acebutolol readily crossed the intestinal
wall in all of the gut segments examined. Furthermore, when the extent of transport was

was noticed (Fig. 3-13).
Another plausable explanation 0 describe multiple absorption peaks involves the
formation of an poorly absorbed micelle complex of drug with bile salts. Such a

increased micelle formation due %o the stimulation of bile acid secretion
cannulated rats. Nevertheless, further studies are required 10 confirm or rule out this
possibility. In sitw intestinal formation of & micelle complex has also been described for
the S-blocker, nadolol (Yamaguchi er ., 1986).

by food.
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that observed ,,7iﬂmmmﬁﬁtff:'; plasma drug concentrati

od alterations in drug plasma concentrati
decreased distribution as inflammation results in the elevation of AAG, a protein
responsible for the binding of basic drugs [Belpaire er al., 1982; Bishop er al., 1981;
Walker et al., 1986)). However, acebutolol has limited protein binding (7-12%) which

ons are often ascribed 0

jons in protein binding cannot

between 0.5 00 2 h.
tics (Mielants ez al., 1991). Specifically, pe

changes in AA rats may lead 0 an enhanced sbsorption and hence increased piasma
levels of acebutolol. | Jess, it is unlikely that observed increases in plasma
concentrations would be due, solely, %0 increased absorption. In the fasting rat,
absorption of acebutolol (F,,) was determined 10 be greater than 90%, and thus would
not be expected 10 increase any further in theumatic diseases. Furthermore, previous in
vivo investigations using perfused jejunum from healthy and treated rats failed 10 flad any
affect of AA on the oral absorption of another S-blocker, propranolol (Key e al., 1906).
changs in its abeorption rate.
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intestinal wall into the gut, is unknown. Arthritic-induced changes o the proteins
responsible for this intestinal transport, resulting in either a decreased excretion into the
GI tract or an increased reabsorption of acebutolol, could possibly account for higher
plasma levels. However, the elimination phase of acebutolol was parallel in the two
groups despite an elevation of plasma concentrations during the absorptive phase in AA,
suggesting changes 10 a presystemic rather than systemic pathway.

Alternately, a decreased metabolism may provide a more plausible explanation for
the observed differences in AA. Extraction of acebutolol upon fisst pass (1-F,,,) was
calculated %0 be approximately 0.15 for R- and S-accbutolol in the ip dosed rat. The
hepatic clearance of drugs possessing such extraction ratios are mainly influenced by
changes in intrinsic clearance. Decreased intrinsic clearance of antipyrine, propranolol
and metoprolol has been reported both in viw and in wiro for mats with
terpentine-induced inflammaetion (Belpaire er al., 1989; Chindavijak ef al., 1967h).
Thus, a similar decrease in enzyme activity in AA may explain cbeerved changes t0
acebutolol disposition. Assuming complete absorption, the estimated oral clearance of
R- and S-acebutolol would be 6.8 and 6.4 L/h/kg in AA and 14.5 and 13.4 L/Wkg in
controls, respectively. This is higher than values obtained in our jugular vein cannulated
rats (Table 3-XII). Obesrved differences between these controls and thoss used for the
earlier pharmacokinstic stedies may be due 10 a surgery-related reduction in intrinsic
. clearance in the cannuiated rats, similar 10 thet described for propranciol and antipyrine
(Chindavijek ¢1 al., 1988) or may be dus 10 the dose-dependent kinetics of acebutolol,
a8 much lower dosss (S0%) were used in thess rats. Since oral clearance is an estimate
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sm,awsmmwmmmwfamm
propranolol in rats with turpentine-induced inflammation (Belpaire ef al., 1989).
Moreover, increases in t' were not observed in these rats. As a prolonged t% would
uwmm:mummmmmu
Mmmmwmammmm. Likewise,
u&et%dethM.&emmmdu“
is likely affected. This is contrary 10 the prolonged t,, and relatively unchanged
bicavailability observed in human arthritic subjects. As previously discussed, the
mmmmmhmuwnmmma
factor in this discrepancy.

A trend of higher diacetolol levels was also evident in AA, but this was only
significant at 2 b likely due %0 large variability in diacetolol piasma concentrations.
Similar discetolol:acebutolol ratios in the two groups of animals may suggest that the
metabolism of acebutolol to diacetolol was unaffiected by AA. Alernately, it could also
indicats that clearances of both acebutolol and diacetolol were affected 10 the same
extent. As previously stated, in arthritic humans, although the formation of diacetolol was
possibly affected, its clearance was also reduced conssquenty resulting i relatively
unchanged plasma concentrations. Another possibility exists that metabolism of acebutolol
10 another product such as acetolol may have besn reduced in AA, and thus could be
sesponsible for the reduced clearance of acsbutolol. Unforsmately, this metabolits was

not availsble 10 us for development of the analytical procedure.
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With regards to stereoselectivity, at early sampling times (0.5-2 h), the
enantiomer ratio of acebutolol was found 1o be concentration dependent in AA as it was
for controls (Fig. 3-17). This also indicates that a saturable, stereoselective pathway of
elimination for acebutolol is present in these rats, similar to that observed in cannulated
S:R ratio appears to be slightly altered in AA (Fig. 3-17). The observed reduced S:R
uced change in either formation or

diacetolol ratio in AA may also indicate a disease-i

Ovenill, the disposition of acebutolol was affected by arthritis to a greater extent
in rats as compared 10 humans. This may stem from the fact that the majority of human
subjects did not have active disease due 10 concurrent use of medication. Nevertheless,
it is important 10 note that although these rats were severely affticted with arthritis, the
large sample sizes would be required in further studies %0 overcome the inherent

of which is reportedly affected 10 a much greater

propranciol, the phs
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lol Enantiomers in Rats

4.4 Disposition Studies of Prog

4.4.1. Pharmacokinetics of propranciol enantiomers ia arthritis.
As previously reported (Guttendorf er al., 1991), disposition of propranolol is

administration: in controls, plasma levels of the active S- enantiomer accounts for only

after i.v. and 18% after oral doses. This

27% of total (S + R) plasma concentrations
data corresponds 10 a 16% bioavailability for total (S + R) propranolol which is
of R-propranoiol to plasma proteins, as seen by our results and that of others (Takahashi
et al., 1990a, 1990b), is most likely responsible for differences in enantiomer

In AA, plasma concentrations of both propranoiol enantiomers were found 10 be

stereospecific studies in AA (Bishop & Schaeider, 1981; Walker et al., 1986). On the
et al., 1909; Bishop & Schacider, 1981; Walker er al., 1986). It is unclear as to why
our results indicated only a 25% increass in total propranolol AUC in AA after iv dosss,
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175% greater AUCs of propranolol in inflammation (Belpaire ef al., 1989; Bishop &
Schaeider, 1981). As the degree of paw swelling was rather limited in our animals, it is
likely that differences in the relative severity of inflammation between our study and that
of others may be responsible for this discrepancy. This possibility, however, could not
be confirmed as indices of disease activity were not given by the authors of these initial
studies.

The route-related effect of elevated plasma concentrations in AA, indicates that
presystemic rather than systemic clearance is responsible for the observed disposition
changes. Systemic metabolism of propranolol, a highly cleared drug, is dependent mainly
upon the liver blood flow (Q). It has been shown that Q remains unchanged in AA
(Walker er al., 1986). On the other hand, decreases in intrinsic clearance of highly
(Gibaldi & Perrier, 1982). Presystemic changes may be attributed to sbsorption and/or
metabolism processes. An increased absorption is unlikely t0 be the cause of the
elevated plasma concentration of propranolol as it has been shown that in both control
and AA rats the drug readily crosses the jejunum (Key et al., 1986). In addition,
absorption is generally a passive process yet arthritic-induced increases in the plasma
concentrations of propranolol were more pronounced with the R enantiomer. Hence, the
increased plasma enantiomer ratios in AA suggest involvement of a stereoselective

In addition 10 the elevated plasma concentrations of propranolol observed in AA




-143-
rats, our in virro study also demonstrated a reduction in the disap

propranolol in arthritic rats. Furthermore, stereoselective differences in the metabolism

arthritic rats. Provided that the results of the microsomal study reflect those of the intact
animal, it suggests a non-parallel decrease in the oxidative metabolism of pr

decreases in the oral clearance (Bishop ef al., 1981; Walker er al., 1986) and in vitro
metabolism (Chindavijak er al., 1987; 1988) of propranolol in experimentally-induced

inflammation. Very recently it has been observed that p ment of rats with

enantioselective increase in plasma con ions of propranoiol (Vermeulen ef al.,
1993), similar to our findings. Likewise, the authors felt that a 3-7 fold decrease in the
intrinsic clearance of R-propranolol was responsible for the stereoselective changes in
propranolol bioavailability.

Interestingly, the stereoselectivity in Wero was opposite to that observed in Wwo,

hydroxylation and glucuronidation. Several enzyme systems for each of these pathways

mers (Nelson & Bartels, 1984; Nelson & Shetty, 1986; Thompeon er ol., 1981).
d by impairment of additional pathways of metabolism such as glucuronidation.
Impaired drug metabotism in AA has been reported as carly as 1974, whea Beck
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and Whitchouse observed increased sleeping times with hexobarbital. The mechanism
inflammation induced changes in hepatic enzyme activity is thought to stem from the
release of inflammatory mediators (Ishikawa ef al., 1991). In response to tissue injury,

of

hormonal like proteins called the cytokines s
these mediators, specifically euking 1 and 6, on hepatocytes results in both a
decreased production of drug metabolizing enzymes and increased synthesis of the acute
phase proteins (Ferrari er al., 1993a). This is supported by the observation that
cytochrome P-450 content is significantly decreased in livers of rats with experimental
inflammation (Ishikawa ef al., 1991) as well as in hepatocytes incubated with interleukin-
1 (Sujita es al., 1990). Although an acute inflammatory response may also temporarily
result in altered hepatic metabolism, it has been shown by Beck and Whitehouse (1974),
14 days. As we studied our animals 21 days after the M. buyricum injection, the
diminished propranciol metabolism is more likely to be resulting from a systemic
involvement of the disease rather than from a local effect of the adjuvant.

Basic drugs such as propranolol are mainly protein bound 10 the acute phase
reactant AAG, levels of which are greatly increased in inflammatory conditions (Belpaire
this was thought 10 be responsible for the increased | ilability cbesrved in human
 inflammation (Schaeider et al., 1981; Kendall r ., 1975). Our data do sot exchuds the
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administration, a 20-30% reduction in Vd was observed in AA, and although not
significant, it may suggest a trend towards altered protein binding. However, for highly
protein bound drugs such as propranolol, changes in protein binding are often associated
with significant changes in Vd. The non-significant reduction of Vd of propranolol may
suggest that protein binding changes were minimal. Hence, it is unlikely that the
dramatically reduced oral clearance of propranolol was solely due to altered protein
binding. Indeed, in the worst case scenerio, the % unbound of R and S-propranolol was
found to change from 7% and 33% in control rats 10 2.7% and 8.7% in severely afflicted
AA rats (Table 3-XIX), respectively. Assuming: F = Q/Q+(Dose/AUCpo) (Gibaldi er
al., 1971); CLyy = fu Cl, and Q = 3.5 L/l/kg, such an increase in protein binding
without a change in CL,, should result in only a 70% and 17S% increase in F of R- and
S-propranolol, respectively. This is not in agreement with our results as F of R- and
S-propranolol was increased by 640% and 280%, respectively. Thus, in addition t0 an
increased protein binding in AA, a suppressed CL,, is likely 0 play a significant role in
the increased biosvailability of propranolol.

The significantly prolonged t% of R-propranolol afier oral (2.8+0.94 h) as
compared 10 iv (0.4010.14 h) in arthritic animals is suggestive of non-linear kinetics.
As a dose-dependent presystemic elimination has been described for propranciol
(wamoto & Watanabe, 1985), it is plausible that a decrease in the microsomal enzyme
capacity in AA could result in saturation of both presystemic and systemic metabolism
of R-propranclol afier oral administration. However, this reduction in enzyme capacity
in AA may not affect CL,,, when given intravenously as much lower concontrations are
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presented to the eliminating organ; levels which may not exceed the liver saturation

threshold. Consistent with this hypothesis are our bioavailability data which indicate
greater than expected F values after oral doses in AA (Table 3-x VII). Such an effect
was not observed for S-propranolol.

It appears that arthritis influences the bioavailability of the highly protein bound,
extensively metabolized 8-blocker, propranciol 10 a greater extent than that seen with
acebutolol. With both drugs, depression of metabolic activity in inflammatory conditions
results in diminished intrinsic clearances and hence higher plasma concentrations after
oral doses. Limited increases in acebutolol enantiomer concentrations in arthritic rats may
stem from the fact that, in the rat, acebutolol undergoes only moderate extraction upon
first pass and protein binding is limited. Thus the dramatically elevated plasma
concentrations of propranclol enantoimers likely stems from a combination of disease
induced changes in both protein binding and hepatic enzyme activity.

4.4.2. Influence of inflammetion severity and NSAID therapy ea proprameclol
disposition In arthritls

As the clearance of propranolol was found to be dramatically decreased in AA, we
subsequently examined the influence of inflammation severity on its disposition. Despite
the large varisbility, we cbserved higher plasma concentrations of both proprasolol
enantiomers in all groups of AA rats examined (Table 3-XVIII) as compared %0 those in
healkthy control rats (Table 3-XVII) .
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Jering the degree to which individual animals were afflicted with arthritis,

jopment of arthritis in AA is dependent on the dose, vehicle and route of

resulted in significantly higher arthritis scores and paw swelling as compared to ip

ric plasma ratio was higher in severe as compared 10 mild AA,

propranolol clearance. It is likely that a similar relationship be
inflammation and altered propranolol disposition exists in humans. Schaeider and Bishop
theumatold arthritic patients. Despite the lack of a significant correlation between AUCS
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from controls. Hence, it may be possible to predict arthritic-induced changes in drug
disposition on the basis of an appropriate measure of inflammation in humans.

Inflammation in arthritic patients is often controlled by drugs such as the
NSAIDs. The influence of NSAID therapy on joint inflammation and arthritic-induced
changes in drug disposition was examined by administering ketoprofen to animals
injected with adjuvant. Ketoprofen did not appear to have a significant effect on either
the sympioms of inflammation or pharmacokinetic parameters of propranolol in mild AA.
Howeves, in light of the large interanimal variability, the lack of significant effect of
ketoprofen on both disease severity and propranolol disposition in mild AA could be due
© the fact that the animals were relatively healthy, thus it is possible that slight
improvements were not detectable in the treated group. Indeed a nonsignificant trend of
lower Als was observed in the ketoprofen-treated group. On the other hand, a significant
decrease in the degree of inflammation was seen in the severe model of AA. This
decrease in Al scores coincided with a significant decrease in the AUC of propranolol
as compared o the untreated group. For extensively metabolized drugs such as
propranolol, reductions of AUC after oral doses reflect alterations in their intrinsic
clearance. Furthermore, the drug metabolic capacity is diminished in arthritis. Hence,
ketoprofen therapy likely influences the pharmacokinetics of propranolol by exerting a
protective effect on liver enzymes in arthritic animals. Thereby a partial reversal of the
inflammation-induced depression of first-pass metabolism is apparent in treated rats.

Purthermore, as we observed significant relationships between Al and AUCs of
propranciol enantiomers among the ketoprofen-treated animals (Fig. 3-22), it appears that
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effectiveness of drug treatment. In animals in which inflammation is adequately
controlled by NSAID treatment, plasma concentrations of propranolol are likely to be
efficacy of the NSAIDs is due, in part, to a reduction in the formation of the
prostaglandins nor thromboxane have been shown to significantly influence production

likely an indirect one. Presumably, due to diminished joint swelling, a reduction in the
release of other inflammatory mediastors (ie. imterleukin 1) may in tum affect liver

Contrary 1o what we have observed with propranoiol and kesoprofen, others have
& Whitchouse, 1974; Di Pasquale ef al., 1984). This could be due to the fact that
inhibition has been recognized as the common mechanism of action (Harris, 1981). It is
presently clear that other pathways are involved and di exist as 10 the
(Abramson & Weissman, 1989). Another possibility is that this apparent discrepancy
previous reports, NSAIDs were administered 10 animals with established asthritis,
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of NSAIDs has been

addition to providing symptomatic relief in AA, early administratios
shown to have discase modifying properties (Palylyk & Jamali, 1993). Treatment of AA
with disease-modifying drugs such as cyclosporin A (Pollack er al., 1989) as well as with

, dexamethasone, corticosterone (Beck &
Kourounakis, 1984) are associsted with an improvement of hepatic metabolic activity and
and control rats with severe AA, the fraction unbound of both propranolol enantiomers
were significantly relsted to Al (Fig. 3-23). Protein binding influences the Vd of highly
protein bound drugs such as propranoiol. Thus a severity-related influence of arthritis on
protein binding may explain why others have found a two fold decrease in the Vd of

1986; Belpaire et al., 1989), whereas we could not detect any significant differences i
AA as compared 10 controls (Table 3-XVII). Paw swelling and inflammation were
limited in the animals used for our experiments. Consequently, as results indicate that
the free fraction of propranciol is related 10 disease severity (Fig 3-23), minimal changes
in prowsia binding and Vd would be expected in our animals. On the other hand, it is
 likely that the animals wsed in previously cited studies were afflicted 10 & greater degree.
Therefore a moderate 10 severs degres of inflammation, resulting in a greater reduction
in the fres fraction, likely influences the Vd of propranciol 10 a significant extent.
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Therefore, a difference in disease severity between our study and those of others would
likely explains the discrepancy between our findings and that of others on the Vd changes
of propranolol in inflammation.
propranolol is reportedly non-protein restricted (Gariepy er al., 1992), a significant
relationship was found 10 exist between fu and CL,, of R and S-propranolol i

propranolol is unaffected by changes in AAG and albumin concentration unless the
unbound fraction is reduced o less than 2% (Gariepy ef al., 1992). Therefore as the fu
clearance should be independent of protein binding. Nevertheless, a substantial reduction
in the metabolism capacity of liver may render the drug more sensitive to changes in
decreased 10 such an extent that propranolol no longer acts as a very high extraction
drug. Similar suggestions were made by Walker ef al (1986) and Belpaire ef al (1989)
10 explain the decreased sysiemic clearance after iv doses of propranolol observed in rats
proportionstely less availabis binding sites. Hence as the unbound fraction increases,
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first pass metabolism for the drug.
Another explanation for the apparent dependency of propranolol CL,,, on its free
fraction can be due 10 the fact that CL, = Dose/AUC and both AUC and fu are
significantly related 10 disease severity (Fig. 3-22, 3-23). Therefore, the relationship

rather may be coincidental. In arthritis, there is a simultaneous increase in the production
of specific acute phase proteins such as AAG along with a decreased formation of hepatic
enzymes. The result is altered protein binding of propranolol along with a concurrent
decrease in intrinsic clearance.

Nevertheless, although changes in the pharmacokinetics of propranolol in AA
cannot be attributed soley to either an increased protein binding or a decreased intrinsic
metabolism, the combination of the two events are likely responsible for the dramatic
¢clevations in propranolol plasma concentrations seen after oral doses. Furthermore, as
disease severity and therapeutic intervention influence arthritic-induced changes in the
pharmacokinetics of a drug such as propranolol, it is apparent that these factors must be
kept in mind when examining drug-disease interactions.



S. CONCLUSIONS

The purpose of this investigation was to examine the effect of inflammatory
diseases such as arthritis on the stereoselective disposition of two model drugs. The
methods developed 10 separate and quantitate enantiomers of acebutolol, diacetolol and
propranoiol were found to be convenient and suitable for use in pharmacokinetic studies.
By utilizing these assays we were able 10 study the disposition of the individual
enantiomers afier administration of the racemate in humans and rats.

As the disposition and elimination characteristics of acebutolol enantiomers are
comparable 10 human, it appears that the rat is an appropriate animal model in which to
study the pharmacokinetics of acebutolol. In both humans and rats, there is a slight but
significant stereoselective disposition of acebutolol and its metabolite, Similarities exist
between the two species, in that the nonrenal clearance of R-acebutolol was greater than
that of the S enantiomer. A stereoselective renal and biliary excretion of acebutolol in
favour of the S enantiomer in the rat compensates for its lower hepatic clearance
resulting in minimal differences in plasma enantiomer concentrations.

In humans, the decreased systemic availability of R-acebutolol and increased
formation of R-diacetolol is likely a conssquence of stersoselective first-pass hepatic
metabolism. In rats, however, the enanticssiective clearance was more pronounced after
iv rather than oral doses, suggesting that systemic rather than presystemic metabolism
is selective for the R enantiomer. Studies involving rapid and slow ssstylator phenotypes
may shed some information as 10 whether the hydrolysis or acetylation pathway is
imvolved. Nevertholoss, differences in enantiosslectivity between the two species may



be, in part, due 1o the quantitative differences in their presystemic formation of

Stereoselective renal elimination of R-diacetolol seen in both species appeared
10 be partly responsible for observed differences in the disposition of diacetolol
enantiomers. The therapeutic consequence of the stereoselectivity in acebutolol and
diacetolol disposition has yet to be determined, as although minor differences are seen
in healthy subjects, altered physiological function in disease states may result in changes

From the results obtained in elderly subjects, it appears that aging has an effect
is associsted with lower remal clearance values of acebutolol and diacetolol whereas
non-renal elimination. As reduced renal function was found 10 influence the enantiome
in plasma, an active sterecselec ve pathway such as twbular secretion may also be
affected in the elderly. Nevertheless, when comparing mean values from young subjects
10 those obtained in the ciderly, only minor differences were observed. In an older
diacetolol may be enhanced. kt is, therefore, imperative 10 keep age in mind and %0 use
age-maiched controls whea studying the effect of diseases such as arthritis on the

macokinstics of acebutolol.

Adjuvant arthritis was found 10 significantly influence the pharme
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enantiomers of the 8-blockers, acebutolol and propranolol. Afier oral administration to
severely afflicted arthritic rats, AUCs of R- and S-acebutolol were increased by 2.5 fold;
whereas the AUCs of R and S-propranolol were 67 and 16 fold greater than controls,
respectively. Differences in the extent to which propranolol and acebutolol were affected
by arthritis may reflect dissimilarities in the extent to which these agents are subject 10
cleared through first pass through the liver, and although acebutolol is also subject to
with propranolol. Furthermore ether sewtes of elimination such as renal and biliary
clearance significantly contribute 10 the clearance of acebutolol. Thus it is reasonable 1o
plasma concentrations of propranolol, it is conceivable that altered binding has a notable
concentrations reflecting decreased metabolism are likely due to reduced intrinsic
clearance.

Factors which have not besn previously addressed, such as enantiosslectivity
NSAID therapy and disease severity were all found 10 play a role in inflammation-
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significantly reduced. Oral clearances of R- and S-acebutolol were reduced by 22 and
25%, respectively. However, it is questionable as to whether this effect was truly
and urine S:R

enantioselective as arthritis did not significantly influence the plasma
ratios. Nevertheless, the metabolism of acebutolol is stereoselective in both healthy and
arthritic subjects, thus it is conceivable that there may be dissimilar effects of disease on
the metabolic transformation of individual enantiomers. An interesting point, however,
was that renal clearance of acebutolol was stereoselective in arthritic but not control
patients. This suggests that inflammation possibly results in minor changes to the
stereoselective nature of the renal transport system.

more apparent with the agent, propranolol. Dissimilarity in the extent of effect that
adjuvant arthritis had on the clearance of the individual enantiomers resulted in marked
changes t0 the plasma enantiomer ratios. More importantly, in adjuvant arthritis
the inactive R- enantiomer, as S-propranolol only accounted for 7% of total (R+S) AUC
afier oral administration. However, in human arthritic subjects, it is possible that
enantiomer 10 & greater degree than those of the inactive enantiomer. Whereas plasma
levels of the R- enantiomer are grester in rats, it is the active S- en

~ concentration which is dominant for humans. In addition, in humans, binding 10 AAG
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of racemic drugs.
Disease severity and/or NSAID therapy is another factor which should be kept in
e of

mind. Therapeutically, the consequences of the reduction in the oral clearanc
acebutolol were likely negligible as disposition changes were minor and plasma
a high capacity for the metabolism of AC, thus a reduction in enzyme activity in arthritic
subjects results in only subtle changes to acebutol
possible that the pharmacokinetics of acebutolol were relatively unchanged due to a
combination of the moderate degree of inflmmation invoived and NSAID therapy in

ol disposition. However, it is also

these subjects. Hence, plasma concentrations of acebutolol may be further increased in

an acute flare up or uncontrolled arthritis.
Indeed, in rats which were severely afflicted with adjuvant arthritis, peak plasma
concentrations and the AUC of acebutolol were elevated 10 a greater degree than that

observed in humans. The higher bioavailabili

Increased plasma concentratic
be significantly relaiod 10 the degres of inflammat

ns of the propranciol enantiomers were found 10
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iship exists between the reduced hepatic enzyme activity associated with arthritis

a protective effect on liver metabolism in addition to sympton

in which dramatic impro nts in arthritic scores were observed. Thus measurement

of physicul and biochemical markers of inflammation in severe or uncontrolled arthritis
may be helpful in planning dosage guidelines for arthritic patients. In mild arthritis,
ment with NSAID therapy may be difficult to quantify. Furthermore in

disposition 0 a greater extent than the relative degree of inflammation. Altered protein
binding, likely due 10 increased AAG levels, also reflects disease activity. This may, in
part, explain the intersubject variation in pharmaco
light of this finding, studies which examine the effect of diseases such as inflammation

ptics of drugs in disease states. In
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