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1. SUMMARY

In this work, the relationship of lower intestinal toxicity of NSAIDs with
prolonged residence time was studied. Urinary excretion of 5'Cr-EDTA was
used to measure intestinal permeability. S'Cr-EDTA test has been successfully
used to measure NSAID-induced intestinal permeability in humans. Recentiy
rats have been described as a suitable model to stuay iower intestinal toxicity
of NSAIDs.

The sex difference in the disposition of tenoxicam (TX) in the rat
provided a model to compare long and short haif-life. This model avoid the
problem of intrinsic chemica! differences between products. In females, who
show lower clearance than males, toxicity was higher in terms of magnitude
rather than in term of duration of the effect, but cnly at high doses. This may
suggest minor prolongation of the effect when the residence time of the drug is
prolonged. Due to the low toxicity of TX, this sex-related model could not lead
to a clear interpretation of the effect of half-life. The selection of a more toxic
drug, flurbiprofen, and the comparison of different routes and dosing
frequencies was thus undertaker.. Flurbiprofen has a short half-life in the rat,
therefore implantation of osmotic pump was used to simulate a longer half-life.
In this case, the infusion of the drug was found to cause lower toxicity than
the corresponding multiple dose. This suggest that increasing the residence
time of a drug does not necessarily increase its toxicity. More importantly, it
seems that fluctuations in plasma concentrations (C,.,) are a more prominent
factor in determining toxicity.

Observation of adaptation during multiple dosing treatments with
flurbiprofen was an interesting finding. While this has been shown with aspirin
and upper Gl tract side effects, it is the first observation of this phenomenon at
the lower intestinal level. This adaptation has been observed with PO and IP
treatments, suggesting involvement of a systemic process. These results are in
contradiction with the higher incideirce of Gi side effects noticed in patients on
long term NSAID therapy. However, based on our results, it seems that
repeated exposure rather than accumulation of the drug is responsible for more
toxi  vents.



2. RATIONALE

The prevalence of rheumatic diseases is relatively high: approximately 8% of
the population will experience rheumatic symptom in their life time (Brooks & Day
1991). The non steroidal antiinflammatory drugs (NSAIDs) are extensively used
either as simple analgesics or as antiinflammatory agents in rheumatic diseases.

The principal mechanism of action of NSAIDs is cyclooxygenase inhibition
and subsequent interference with prostaglandin synthesis (Abramson & Weissmann
1989). In addition, NSAIDs have pharmacological effects not dependent on
prostaglandin metabolism such as inhibition of phospholipase C in mononuclear
cells, or inhibition of neutrophil aggregation.

NSAID use is associated with high incidence of upper gastrointestinal (Gl)
toxicity (Hochberg 1992). Minor effects include gastric pain, heartburn, nausea,
vomiting and diarrhea (Brogden 1986). In addition, more serious complications such
as ulcerations, perforations, bleeding and even death have been reported after
treatment with NSAIDs (Hayllar et a/. 1992, Aabaken 1992). Although upper Gl
toxicity has been extensively studied, the effects of NSAIDs on the more distal part
of the small intestine have only been recently examined, and it has been suggested
that their frequency might be underestimated (Rampton 1987). Animal studies are
lackiing, and few human observations of lower intestinal lesions have been made as
compared to upper Gl injury (Bjarnason et al. 1986, Holt et a/. 1993). This is in part
due to less accessibility to the lower part of the Gl tract by endoscopy. It has been
suggested that distal damage could be of more serious consequences than
previously thought (Rampton 1987). Disruption of the intestinal epithelium integrity
with increased intestinal permeability augments the intestinal uptake of exogenous
molecules, luminal antigens, toxins and bacteria and can lead to serious
consequences (Jenkins et al. 1987).

Numerous studies report NSAID induced Gli side effects. Nevertheless, there
is still insufficient data to rank the different NSAIDs in terms of severity of Gi toxicity.
In addition, few of these studies have considered the pharmacokinetics of these
agents. The time course of permeability change (as a measure of small intestinal
toxicity of NSAIDs) and their relationship with drug concentration have only recently
been examined. In the last 10 years, some speculations have been made regarding
the relationship between longer elimination half lives (ty,) and higher toxicity
(Adams 1988, 1992, Collier ef al. 1985). However, relating toxicity to t1, is an over
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simplification of a rather complex« situation: ty, is a hybrid pharmacokinetic
parameter and is dependent on the volume of distribution (Vq) and the total body
clearance (Clyg). The extent of protein binding as well as mechanisms by which the
drug is cleared shouid also be considered.

In the first part of the study, we investigated the impact of a long half-life
NSAID on Gl toxicity, using the rat as a model (Davies et al. 1994). TX belongs to
the oxicam class of NSAIDs, with a long half-life in humans (70 h). Different studies
have suggested that TX is better tolerated than other NSAIDs in rats (Al-Gahndi et
al. 1991) and in humans (Bird et al. 1982) but its toxicity on the lower intestine has
never been examined.

In the second part of the study, the sex difference in the disposition of TX
was examined. Sex differences in metabolism, elimination, protein binding and
disposition of numerous xenobiotic:s have been established (Bonate 1991, Wilson
1984). This may lead to sex-related differences in the pharmacological response as
well as in the toxicity. Other oxicams, for instance sudoxicam and piroxicam, have
shown longer elimination half-life in female rats (Woolf & Radulovic 1989). Our
preliminary studies indicated that TX exhibits a longer half-lives in female as
compared to male rats. Therefore, female rats provided a model for long half-life
NSAIDs.

A comparison of various NSAIDs with different t, ignores the possibility of
differences that are attributabie to other properties of drugs such as intrinsic
molecular toxicity. We, therefore, simulated a situation where the same drug was
presented to the body with different residence times. This, as the third objective of
the work, was achieved by comparing the toxicity after multiple intraperitoneal (IP)
and oral (PO) dosing with that observed after infusion using osmotic pump implants.
Due to the low toxicity profile of TX, flurbiprofen (FL) was chosen as the model drug.



3. INTRODUCTION

3.1. NON STEROIDAL ANTIINFLAMMATORY DRUGS (NSAIDs)

NSAIDs are effective in management of pain and inflammation, and are
widely used in the treatment of rheumatoid diseases. They come from a variety of
chemical classes (Table I). They exhibit different chemical structures, diverse
mechanisms of action and physicochemical properties. Nevertheless, the vast
maijority of NSAIDs are weak acids with pKas ranging from 3 to 5. This property is of
major importance regarding the distribution of NSAIDs into the synovia! fluid of
inflamed joints (Brooks & Day 1991).

Table I: Chemical classification of NSAIDs

Carboxylic Acetic Pyrano Propionic Fenamic acids Enolic acids Oxicams Non acidic
acids acids carboxylic acids compounds
acids

B RN e — ———— — — — —— ]

Acetylated Diclofenac Etodolac Ibuprofen Flufenamic acid Oxyphenbutazone Piroxicam Nabumetone
Aspirin indomethacin Naproxen Mefenamic acid Phenylbutazone Tenoxicam Proquazone
Nonacetytsted Toimetin Fenoprofen Meociofenamic acid Trimethazone Isoxicam* Bufexamac
Sodium salicylate Suiindac Pirprofen Nifiumic acid Lomoxicam
Ditiunisal Indoprolen Cinnoxicam
Salicylamide Ketoprofen Sudoxicam
Flurbiprofen
Carprofen
Suprofen

Tiaprofenic acid
pe— ]

*. withdrawn from the market.



3.1.1. MECHANISMS OF ACTION

The main mechanism by which NSAIDs exert their pharmacological activities
is the reduction of prostaglandin (PG) synthesis via inhibition of cyclooxygenase
activity. In addition, some of the therapeutic effects of NSAIDs are independent of
arachidonic acid metabolism; for example, inhibition of superoxide generation in
neutrophils, inhibition of phospholipase C in macrophages, inhibition of neutrophil
aggregation and disruption of protein-protein interactions in the neutrophil
plasmalemma (Vane & Botting 1990).

This plethora of potential mechanisms may, in part, be due to the different
methodologies used to explore NSAID activities (cell-free systems, animal models,
etc.) and to the physicochemical properties of various NSAIDs (pKa, lipophilicity,
protein binding, etc.).

NSAIDs inhibit the transformation of arachidonic acid to stable PGs such as
PGE2 and prostacyclin (PGIlp) that elicit many signs of inflammation.
Cyclooxygenase (COX) inhibition, through interaction with other mediators, may
have secondary effects including inhibition of neutrophil activation, reduction of
leukotriene production as well as diminution of T and B cell proliferation (Furst
1994). The PG role in inflammation is complicated by the fact that PGE2 and PGl
possess both proinflammatory and antiinflammatory properties.

Recently, COX has been shown to exist as two iso-enzymes, COX1 and
COX2 (Merlie et al. 1988). COX1 is constitutive, present in cells under physiological
conditions and is thought to mediate the production of cytoprotective PGs. On the
other hand, the biosynthesis of COX2 is stimulated in cells exposed to
aroinflammatory agents such as cytokines, mitogenes and endotoxines (Vane et al.

194).

It is suggested that the antiinflammatory actions of NSAIDs are due to
inhibition of COX2 whereas the unwanted side effects are due to COX1 inhibition
(Appelton et al. 1994). NSAIDs have shown differential inhibitory effect in vifro on
COX1 and COX2 (Meade et al. 1993, Mitchell et al. 1993). Indomethacin, sulindac
and piroxicam preferentially decrease COX1 activity, whereas ibuprofen and
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flurbiprofen inhibit both, and nabumetone preferentially diminished COX2. These
results might explain, at least in part, the disparity in NSAID Gl toxicity. However
this selective effect on arachidonic acid metabolism should be interpreted cautiously
due to the lack of in vivo data.

r landin_in r

NSAIDs have been found to inhibit a variety of membrane associated
processes such as superoxide formation by a cell-free NADPH oxidase in
neutrophils and macrophage phospholipase C activity (Abramson & Weismann
1989). These effects may result from uncoupling protein-protein interactions within
the lipid bilayer of the plasma membrane. A number of NSAIDs including
indomethacin, ibuprofen, piroxicam and salicylates inhibit neutrophil function.
Neutrophil aggregation is affected by all NSAIDs with the exception of piroxicam
which only appears to reduce hydrogen peroxide formation from neutrophils (Brooks
& Day 1991).

In addition, higher (antiinflammatory) doses of NSAIDs interfere with the
synthesis of proteoglycan by chondrocytes, transmembrane ion fluxes and cell-cell
binding. For example, piroxicam inhibits proteoglycanase production, while TX
inhibits both proteoglycanase and collagenase production (Fries et al. 1991).

3.1.2. ADVERSE REACTIONS

The side effects of NSAIDs are well known and frequent. Nearly 25% of
drug-related side effects are caused by NSAID treatment (Committee on Safety of
Medicine 1986). The most frequent side effects associated with NSAIDs' treatment
are gastrointestinal, dyspepsia being the most common one. Renal side effects are
next in frequency, followed by skin reactions and central nervous system reactions.



Since PGs have a major role in the maintenance of normal gastrointestinal
function, it is not surprising that drugs inhibiting PGs synthesis will interfere with G!
physiology. Gl damages result from muitiple and interrelated processes. In addition,
NSAIDs vary in ulcerogenic activity v :hin different regions of the Gl tract.

These differences are due to different kinetics of absorption, intracellular
distribution within mucosal cells, systemic distribution, and to different potency in
COX inhibition (Fenner 1992).

Gastrointestinal side effects can be divided into two categories: upper Gl
toxicity and lower Gl toxicity (more distal part of the intestine). Upper Gl toxicity is
relatively well documented, lower has only been recently studied.

3.1.2.1.1. Upper gastrointestinal side effects

A dual mechanism has been proposed for upper GI damage caused by
NSAIDs: local effect and systemic interaction with PGs synthesis. Almost
instantaneous mucosal damage after oral administration of aspirin illustrate the
topical toxicity of this drug. Moreover, intravenous and ractal administrations induce
lesions as well, suggesting involvement of a systemic component (Rowe 1987,
Haiter 1988, Ligumsky 1990, ).

For aspirin, the local damage has been attributed to the non-ionic diffusion at
acidic pH (Davenport 1964). This pH dependent process leads to disruption of the
gastric barrier and to back-diffusion of hydrogen ions into the mucosa.
Consequently this phenomenon is responsible for local hemorrhage and cell
necrosis via decrease in mitochondrial phosphorylation, and subsequent depletion
in ATP.

In the stomach, PG-dependent and PG-independent factors influence the
ulcerogenicity of NSAIDs (Rainsford 1989). The PG-dependent factors involve the
role of PGs on mucus and bicarbonate secretion, regulation of acid secretion and
blood flow. Consequently, their depletion wiil weaken the mucosal defense, leaving
the mucosa more vulnerable to luminal aggressors. These changes may be of
particular importance in acute damage, whereas impairment in cell growth may be
critical for the development of chronic lesions (Rask-Masden 1987).



Inhibition of endogenous PG synthesis does not completely suppress the
ability of the gastric mucosa blood vessel, to dilate when stimulated, thus PGs are
not the sole mediator participating in regulation of blood flow (Halter 1988).
Arachidonic acid metaboiism involves two meajor pathways: the cyclo-oxygenase and
the lipoxygenase. An inhibition of the first one would increase the involvement of the
second one. It has been suggested that an increase in lipoxygenase pathway
activity may produce more vasoconstrictor leukotrienes (like LTC4, LTDg4), and this
may, in turn, contribute to the vascular and mucosal changes induced by NSAIDs
(Figure 3.1-1). Indeed it has been noted that LTC4 exerts a profound
vasoconstrictive action after local application to the gastric submucosal arteries and
veinules in the rat (Wittle 1985). Gl lesions induced by indomethacin in pigs and
rats have been prevented by a prior injection of MK-886, a 5-lipoxygenase inhibitor
(Rainsford 1993).

It seems likely that other factors, such as oxygen free radicals, could be
involved in the pathogenesis of NSAID induced Gl damage. Some compounds that
can capture free radicals (aminopyrine, thiourea and its derivative, MK447) or that
inhibit the lipoxygenase pathway (MK447) are able to ameliorate indomethacin
induced injury (Del Soldato 1985). Similarly, gastric erosion is significantly
decreased by treatment with superoxide dismutase or catalase. Pretreatment with
aliopurinol, a competitive inhibitor of xanthine uxidase considerably prevents gastric
injury in various models (Yoshikawa 1990). These observations suggest that oxygen
free radical and lipid peroxidation contribute to the formation of gastric mucosal
lesions.

3.1.2.1.2. Lower gastrointestinal side effects

An important and recent consideration is the effect of NSAIDs on the lower
Gl tract. Approximately 47% of patients with occult Gl bleeding while on regular
NSAIDs were found to have jejunal or ileal uiceration (Morris 1991). Recent studies
suggest that 60-70% of patients on long-term NSAID therapy may have an
asymptomatic enteropathy (Bjarnason et al. 1986). NSAID-induced enteropathy
appears to be associated with low-grade blood loss and protein loss, which may be
utilized as an early diagnostic technique in these patients (Bjarnason et al. 1993).



LYC4, LTD4
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Figure 3.1-1: Postulated consequences of cyclo-oxygenase inhibition by NSAIDs
(adapted from Rainsford 1989).

. 1.2.1.2. 1. Small in in rmeabili

The mucosa of the intestinal tract can be considered a protective boundary
between the external and internal milieu. Nevertheless, this barrier is not complete.
Water, electrolytes, and nutrients pass from the lumen of the gut into the portal
circulation, and small amounts of macromolecules are known to cross this barrier in
either direction by both active and passive mechanisms (Walker & Isselbacher
1974). The suggestion that the intestinal mucosa may be abnormally permeable,
and that the absorption of antigens might be implicated in the pathogenesis of
rheumatoid arthritis (RA) was first formulated by Bjarnason and colleagues (1984a).
Their study showed that intestinal permeability was normal in untreated patients but
almost invariably abnormal in patients treated with NSAIDs. The mechanism
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responsible for increased intestinal permeability during NSAID therapy or RA
remains unexplained. However, loss of mucosal integrity may be due to both
functional or morphological alterations (Jenkins et al. 1987). The intercellular
junctions appear to be particularly susceptible to a variety of noxious agents and
consequently they may be the first organelle to suffer when the energy production of
the enterocyte is compromised (Bjarnason & Peters 1989). This would resuit in
disruption of intercellular integrity allowing permeation of macromolecules into
mucosa. The increase in intestinal permeability is not restricted to the small
intestine, thus, it has been recently demonstrated an increase in colonic
permeability after NSAID use (Jenkins et al. 1991).

Permeability changes with NSAIDs are quantitatively similar to those found
in inflammatory bowel diseases; evidence of small intestine inflammation has been
observed in 45-70% of patients on long term NSAID therapy (Bjarnason & Peters
1989). The initial and immediate effect of NSAIDs to increase small intestine
permeability is a prerequisite for the subsequent development of small intestine
inflammation. This small intestine inflammation caused by NSAIDs is associated
with blood and protein loss, both of which may contribute to the general ill-health of
rheumatic patients (Bjarnason et al. 1987). The blood loss is similar in magnitude to
that observed in patients with intestinal malignancies, and may contribute to the ircn
deficiency which is so common in rheumatic patients.

In laboratory animals, large single doses of indomethacin given
intramuscularly or intragastrically, produce muitiple ulcerations of the small bowel
and lead to subsequent perforations (Kent et a/. 1969). It seems likely that reduced
mucosal prostaglandin synthesis in these animals resuits in loss of intestinal
integrity, foilowed by bacterial invasion. Microorganisms' toxins may penetrate the
mucosa, damage the cells and produce uicers and perforations (Satoh et al. 1983).
Thus, macroscopic lesions are not seen in germ-free animals or when indomethacin
is given with various antibiotics such as neomycin and polymyxin B (Kent et al.
1969, Robert and Asano 1977). Similarly, the beneficial effect of metronidazole on
NSAID-induced intestinal damage confirms the role of intestinal bacteria in the



11

pathogenesis of the initial permeability increase (Davies et a/. 1993, Bjarnason et al.
1992).

Misoprostol, a PG analogue, when given before indomethacin, had a
significant protective effect on the intestinal cell integrity (Bjarnason et al. 1989,
Rainsford 1988). This indicates that PG synthesis inhibition is an important
pathogenic factor. However, many other plausible mechanisms have been
suggested, hence, it should not be assumed that all observed intestine damages
are due to prostaglandin inhibition. Hence, the naproxen-induced increase in small
intestinal permeability was not prevented by administration of misoprostol (Rooney
et al. 1988). Furthermore, some NSAIDs such as sodium salicylate do not inhibit
prostaglandin synthesis but still damage the gastrointestinal mucosa (Ligumsky et
al. 1982).

it has been suggested that early events leading to the permeability changes
may involve inhibition of glycolysis and the tricarboxylic acid (TCA) cycle, resulting
in reduced ATP production and cell death. The administration of glucose and
citrate, metabolic precursors for glycolysis and the TCA cycle respectively, protect
against increases in intestinal permeability induced by indomethacin in the
experimental animal (Rainsford & Withehouse 1980). These observations have
been corroborated by human studies (Bjarnason et al. 1992).

The effect of most NSAIDs on the small intestine can be envisaged as
summation of local effect during absorption and systemic effect after distribution
(Bjarnason & Peters 1989). The lower intestine might be exposed to NSAIDs
following administration of enteric coated or sustained release formulations, and
also via enterohepatic recirculation, resulting in local toxicity due to direct exposure
of the small bowel mucosa (Aabakken 1992). However, the relative importance of
local toxicity in the lower intestine is unknown. In this respect, the effect of available
pro-NSAIDs would be of particular interest in distinguishing between the importance
of local versus systemic toxicity, since these specific drugs could be cnly activated
in the liver after absorption. Nabumetone exhibits minimal PG inhibitory properties
before biotransformation into its active metabolite, 6-methoxy-2-naphthylacetic acid,
which is not secreted into bile. Therefore, any effect of nabumetone on small
intestine permeability is most likely resulting from systemic exposure. Nabumetone
did not affect small intestine permeability over a period of one week, suggesting a
minimal systemic toxicity for this product (Bjarnason et a/. 1991). Similarly, sulindac,
an indomethacin-like indole inactive COX inhibitor until its post-absorption reduction
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to its sulfide derivative, did not increase mucosal permeability (Davies & Rampton
1991). These resuits show the importance of high local concentrations of drug
during initial absorption. Moreover, the differing pattern of biliary excretion of these
products might influence their potential for causing intestinal mucosal injury. While
sulindac and nabumetone do not undergo enterohepatic recirculation as active
metabolites, indomethacin is extensively recycled both as parent compound and
inactive conjugates (Schneider et al. 1990). Nevertheless, a post market survey of
sulindac did show some Gl toxicity, suggesting the importance of a systemic effect
(Carson et al. 1987).

There are no immediately apparent clinical implications of increased
intestinal permeability, but it may play an important role in the pathogenesis of
NSAID-induced enteropathy. Although the permeability changes are seen within
hours, the inflammation may take longer to develop. However, once estabiished the
inflammation may remain up to 16 months after discontinuation of NSAID therapy
(Bjarnason et al. 1987). Therefore, as a prerequisite to intestinal inflammation and
enteropathy, the measurement of intestinal permeability might be useful in the early
investigation of NSAID intestinal side effects.

) nal adver ff

The other major and potentially serious side effects of NSAIDs are those
affecting the kidney (Clive & Stoff 1984). They can cause reversible impairment of
glomerular filtration, acute renal failure, edema, interstitial nephritis, papillary
necrosis, chronic renal failure and hyperkalemia.

Prostaglandins participate in the autoregulation of renal blood flow and
glomerular filtration, and also influence the tubular transport of ions and water
(Brooks & Day 1991). Although PG mediated effects of NSAIDs on kidney is a
characteristic feature of this class of drugs, it may be clinically more significant in
patients with compromised kidney function.

The renal safety of pro-NSAIDs such as sulindac and nabumetone is
controversial. Because of their unique metabolic pathways that limit renal exposure,
they have been thought to cause less alteration in renal function than other NSAIDs.
However, renal adverse reactions have been reported with both compounds (Skeith
et al. 1994).
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3:1.2.3. Cutaneous reactions

Although most cutaneous reactions are mild, a serious adverse effect,
erythema multiform, has been frequently described with the use of NSAIDs (O'Brien
& Bagby 1985a). The arylpropionic acid class of NSAIDs has been implicated in
photosensitivity reactions. These reactions generally occur on exposed skin areas
of patients taking ketoprofen, naproxen, tiaprofenic acid and piroxicam (Diffey et al.
1983).

3.1.2.4. Central nervous system reactions

Many NSAIDs have been implicated in adverse effects in the central nervous
system (CNS). These generally mild reactions, including headaches, drowsiness
and dizziness, have been most commonly associated with indomethacin (O'Brien &
Bagby 1985b).

3.1.2.5. Hepatic adverse effects

Serious liver reactions to NSAIDs are rare, and unlike gastrointestinal and
renal effects, cannot be anticipated from known pharmacological actions of the
drugs. The mechanism by which hepatic damage is caused is not known and the
problem appears to be unpredictable. However, with the great increase in the use of
NSAIDs the possibility of drug-induced hepatocellular damage should be
considered (Henry 1988).

Salicylates have been associated with dose-dependent hepatotoxicity, as
shown by a marked transaminemia, particularly in patients with juvenile rheumatoid
arthritis (Lewis 1984). Adverse events affecting the liver have been reported with
other NSAIDs. In particular, mild transaminemia is occasionally seen, although
these events are rarely considered to be clinically significant.
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3.1.2.6. Hematologic adverse effects

Two of the most serious hematologic adverse effects observed after NSAIDs
use are agranulocytosis and aplastic anemia. While these are very rare
complications with most NSAIDs, phenylbutazone and indomethacin may cause
these potentially catastrophic 3 ents more frequently than others (Furst 1994).

The most predictrole effect is NSAID-induced inhibition of platelet
cycloxygenase resulting in reduced platelet adhesiveness and prolongation of
bleeding time (Henry 1988). This effect is well known with aspirin and is exploited in
prophylaxis of cardiovascular disease.

3.1.2.7. Hypertensive effects

Prostaglandins have a role in modulating vascular tone, and some diuretic
agents and antihypertensive agents may stimulate the release of PGs. It is therefore
not surprising that NSAIDs interfere with these agents. However, very few
investigators have used rigorous experimental methodologies to properly assess
the possibility of these drug-NSAID interactions (Radack & Deck 1887).

3.2. MEASUREMENT OF INTESTINAL PERMEABILITY

The degree of intestinal penetration by passively absorbed, water soluble,
medium-sized molecules is called permeability (Csaky 1987). Tests of intestinal
permeability were designed to assess the function of the intestine to act as a barrier
as opposed to an absorptive organ. This is done noninvasively by measurement of
urinary recovery of orally administered probes. A variety of probes are used to
assess this permeability, and it has been suggested that their molecular weight is as
important as their molecular geometry in terms of permeation (Hollander et al.
1988).
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3.2.1. INTESTINAL PERMEABILITY

The small intestine is the principal site of absorption of most nutrients, and
the large intestine is mainly involved in the absorption of water and electroiytes.
Consequently, the small intestine is endowed with a more eiaborate system which
determines its permeability. The small intestine represents a large surface,
estimated to be 200 m< in humans. Through this very large surface area, the body
is exposed to the external environment.

Two routes of permeation exists across the intestina! barrier: a transceliuiar
and a paracellular. The transcellular passage may proceed by simple diffusion,
carrier mediation, or by pinocytosis. The paraceliular passage is the most important
for the macromolecular transfer. It has been shown that the morphological
correlations of the damaging effect caused by a variety of chemical and
physiological barrier breakers reside at the level of the intercellular junctions
between enterocytes (Bjarnason et al. 1986).

3.2.2. INTESTINAL PERMEABILITY TESTS

The most commonly used probe and their respective permeabilities in normal
human volunteers, are listed in Table Il. The absorption from the gut and the
excretion in the urine of these molecules (not metabolized in the body) are used to
test small intestine permeability. Lactulose and the chromium-51 labeled ethylene
diamine tetracetic acid (*'Cr-EDTA) specifically test the integrity of the intercellular
junctions. Water soluble substances of a molecular weight less than 180 measure
the permeability through aqueous pores, while polyethylene glycol (PEG 400)
traverses the brush border via a lipid-soiuble pathway.

The physical structure of an ideal probe for measuring intestinal integrity
should be fully characterized. In addition, it should be biologically inert; that means
it is neither metabolized in the body nor degraded prior to excretion, nor shouid it be
recognized or influenced by the immune system. ldeally, it should be passively
permeable, rapidly cleared, yet measurable with a rapid, accurate, precise and
technically undemanding assay. As it could be anticipated, each of the probe
molecules fits some, but not all of these criteria (Rooney et al. 1990).
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Table lIl: Permeability of selected mnlecules in normal human volunteers (adapted
from Hollander et a/. 1988).

]
i

Probe Moiecular weight Permeability
— (Dalton) (% of dose)
e e e e,

Rhamnose 164 9.5
Mannitol 182 17.6
Cellobiose 342 0.41
Lactulose 342 0.23
*'Zr-EDTA as9 1.3

PEG-400 242-594 (mean 400) 25.4

The inert sugars (lactulose, mannitol, cellobiose, L-rhamnose) have the
advantage of being easily used in pairs as internal control. The combination of
probes is utilized to reduce variability due to change in transit time. However, these
sugars couid be degraded by bacteria in the gut, and the assay is time consuming.
Similarly, PEG is easy to administer, but also requires a technically demanding
assay. The °'Cr-EDTA seems to meet more criteria without too many
disadvantages. The product is stable, it is easily quantified and the urine collection
is made over 24 hours. One inconvenience could be its radioactivity.

3.2.3 S'crEDTA

S'Cr-EDTA was first introduced as a marker for evaluating gastrointestinai
function in 1967 (Lékken & Ségnen 1967). It has the analyti~=. ~.dvantage of the y-
ray emitting °'Cr isotope in a water soluble, highly stable, cretated compound. In
rats, absorption has not been seen from the stomach, and the proximal part of the
smail intestine seems to be the major site of absorption (Lokken & Ségnen 1967).

The limited passage of >'Cr-EDTA through biologic membranes relates to its
size and hydrophilicity and results in a very low permeability through intact intestinal
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mucosa. However, there is a certain passive leakage, probably via intercellular
junctions (Bjarnason et al. 1986). Therefore, any dzmage to these junctions could
be associated with increased abzorption of *'Cr-EDTA.

The introduction of ti:: *'Cr-EDTA test of intestinal permeability in 1983
(Bjarnason et al. 1983a) and its successful use in the identification of patients with
coeliac and Crohn's disease (Bjarnason et al. 1983b) made it a potential probe in
the screening for small bowel disease. Later this test was found to be reliable to
detect abnormalities due to cytotoxic chemotherapy (Selby et al. 1984), atopic
eczema (Forget et al. 1985), dermatitis herpetiformis (Bjarnason et al. 1985), or
cystic fibrosis (Leclercq-Foucart et al. 1986) in alcoholics (Bjarnason et al. 1984b)
and in patients taking NSAIDs (Bjarnason et al. 1984a, Mielants et al. 1991).

The validity of the °'Cr-EDTA permeability test has been questioned
(O'Mahony et al. 1984, Peled et al. 1985, Elia et al. 1987). In particular the
specificity of the absorption site, the dependence on renal function and the variation
among healthy control subjects. However, the methodological aspects of the 5'Cr-
EDTA permeability test have been studied, and the method was found to be suitable
for the evaluation of NSAID-induced permeability changes in the gut (Aabakken
1989). Small bowel transit time and creatinine clearance seem unlikely as
confounding factors in healthy subjects. The distal gut (at least in healthy controls)
appears to be the main absorption area for *'Cr-EDTA, since no difference was
found between the absorption after intraduodenal instillation and after oral intake of
a test dose. The urine sampling period is an important factor to consider, and a 24 h
collection may be necessary to reduce the intra-individual variations.

Ali these observations in humans show the difficulty of standardization of the
>'Cr-EDTA test. Therefore, the development of a suitable animal model is desirable.
The intestinal permeability of humans to sugars such as lactulose, rhamnose or
mannitol, has been found to be considerably different from that of three common
species of experimental animals (Delahunty & Hollander 1987). *'Cr-EDTA has
been shown to be stable in the alimentary tract and is a convenient marker for
assessing intestinal permeability in rats with experimentally induced enteropathy
(Bjarnason et al. 1985). Furthermore, rats have been found to be a suitable modsl
to study NSAID-induced intestinal permeability (Davies et a/. 1994). Thus °'Cr-
EDTA permeability tests might be used in the measurement of NSAID-induced
intestinal permeability.
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3.3. OVERVIEW OF TENOXICAM PROPERTIES

3.3.1. OXICAMS

Oxicam non steroidal anti-inflammatory drugs are a group of structurally
related substances (figure 2) with antiinflammatory, analgesic and antipyretic
activities. They have a weakly acidic character and are extensively bound to plasma
albumin. Due to their extensive binding to plasma proteins their apparent volumes
of distribution are small. They are well absorbed both orally and rectalily.

Most of the NSAIDs introduced in the 1970s were relatively short acting and
needed to be administered 2 or 3 times a day. Longer acting drugs were developed
for symptomatic relief in patients with chronic pain. Excluding lornoxicam, oxicams
have a long elimination half-life (tx) which allows for once-daily administration. This
has been the major advantage of oxicams in clinical practice.

Unlike other NSAIDs, which have a carboxylic acid moiety in their structure,
the weakly acidic character of oxicams is conferred by a tautomeric enolic group. As
weak acids, all oxicams are extensively bound to plasma protein (over 96%).
Piroxicam and tenoxicam (TX) have the lowest unbound fractions with only 1% of
the drug being free (Olkkola ef al. 1994).

3.3.2. TENOXICAM

TX, 4 -hydroxy -2 -methyl -2H -thieno -[2,3-e] -1, 2 -thiazine -3 -carboxamide
1, 1 -dioxide, is a thienothiazine oxicam NSAID. The substitution of the
benzothiazine ring by a thiencthiazine ring gives TX a more hydrophilic character
than other oxicams.

3.3.2.1. Physicochemical properties

TX is a weak acid with a molecular weight of 337.4 D and pKa values of 5.35
and 1.07. At physiological pH the drug is predominately ionized which limits its
ability to distribute into tissues (Nilsen 1994).
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The lipophilicity of TX is relatively low, with an octanol/buffer pH 7.4 partition
coefficient of 0.3. In comparison piroxicam, flurbiprofen, indomethacin and
diclofenac have partition coefficient of 1.9, 8.0, 9.1 and 15.6 respectively (Fenner
19889). This property may limit the tissue distribution of TX.

3.3.2.2. Pharmacology

In animal and in vitro models, TX and piroxicam (PX) have been
demonstrated to be weaker prostaglandin inhibitors than indomethacin and
diclofenac (Fenner 1992). The inhibitory activity reflects a 120 fold difference
between indomethacin or diclofenac and PX, and a 260 fold difference with TX.

In addition, TX inhibits both proteoglycanase and collagenase production
while PX inhibits only proteoglycanase production (Day et al. 1991).

3.3.2.3. Pharmacokinetics

The pharmacokinetics of oxicam NSAIDs are unique because of their low
lipophilicities, small Vs, low hepatic extraction ratios and prolonged t,, values.

3.3.2.3.1. Absorption and Distsibution

TX is rapidly and completely absorbed after oral administration (Guentert
1987). Intake of food delays absorption without altering the bioavailability. There is
no evidence of enterohepatic recirculation of TX in humans.

More than 98.5% of the drug is bound to human plasma proteins, therefore
the V{ after intravenous administration is only 0.15 I/kg (Olkkola et al. 1994).

After oral administration of 40 mg of TX in patients with polyarthritis, the drug
was found to enter the synovial fluid consistently. Synovial fluid concentrations were
50 to 60 % of plasma concentrations (Bird et al. 1985).
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Figure 3.3-1 : Chemical structures of oxicam non steroidal antiinflammatory drugs.

3.3.2.3.2. Excretion and Metabolism
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Two main metabolites of TX have been identified in humans (figure 3.3-2).
The §'-hydroxy metabolite (5'-OHTX), representing 30-40 % of the dose, is excreted
mainly in the urine. The 6-O-glucuronidated metabolite (G6-OTX), which may
represent as much as 40-50 % of the dose, is mainly excreted in biile (Woolf &
Radulovic 1989). These two metabolites do not have any pharmacological activity.
Beside these two metabolites, six others have been identified in rats (Ichihara et al.
1984).

Only traces of drug are excreted unchanged in urine and unchanged TX has
not been detected in bile. After IV administration, the mean total body clearance
(Citg) is 0.106 I/h. The ability of the liver to extract TX from blood is low, so the
drug has a long tyx with a mean value of about 70 hours in healthy volunteers, the
longest of any of the oxicam NSAIDs (Nilsen 1994).

3.3.2.3.3. Effect of age and disease

in elderly, the mean tx was similar to that observed in healthy young
volunteers (Shmitt & Guenter 1989). However, interindividual differences were
larger in the elderly population than in younger volunteers.

Renal disease does not affect the pharmacokinetics of TX and haemodialysis
does not increase its elimination (Al-Ghamdi et al. 1992). Interestingly, although TX
is predominantly eliminated through metabolic processes, liver disease does not
significantly affect the pharmacokinetic profile of TX (Crevoisier et al. 1989).

3.3.2.3.4. Efficacy and tolerability

The efficacy and tolerability of TX have been investigated following different
dosage regimens (Visher 1987). Due to the long tx of TX, a daily dose of 20 mg has
been defined as an optimal dosage regimen. In comparative studies with
indomethacin (75 mg), naproxen (500 mg), ibuprofen (2.4 g) and diclofenac sodium
(75 mg), a daily dose of TX (20 mg) proved to be as effective as these other
NSAIDs.
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In short-term and long-term comparative studies versus piroxicam, the types
of side effects were very similar (gastrointestinal disturbances and skin reactions)
and generally mild and reversible. However the incidence of adverse reactions was
lower with TX (Table II1).

TX appears to be better tolerated than other NSAIDs such as aspirin and
ketoprofen (Bird et al. 1983, Ejstrup et al. 1989). Twenty-nine percent of the TX
treated patients experienced at least one adverse reaction compared to 47.3 % of
those treated with ketoprofen. Similar results have been shown in rats (Whitehouse
1986, Al-Ghamdi ef a/. 1991).

Table llI: Incidence of side-effects in patients treated with 20 mg of TX or 20 mg of
piroxicam (from Wisher 1987).

Short-term studies Long-term studies
{up to 6 weeks) (6-12 weeks)

e R R R EE—EE=—S——
e —

Tenoxicam Piroxicam Tenoxicam Piroxicam
Number of patients 800 801 177 177
Incidence of side-effects (%) 10.75 16.85 14.7 24.3

e R Rl R Iy ai—————————— e ae——
B RS —————— ]

3.4. ORJECTIVES OF THE STUDY

The cbjective of this work was to examine the influence of the residence time
of the drug on intestinal toxicity of NSAIDs. In the first part, the lower Gl toxicity of
TX, a long-half life NSAID, was studied using the rat as a model. Preliminary
studies shawed that in male rats TX exhibits a short half-life. However, in female
rats the elimination half-life of TX is much longer. Hence, we delineated the
pharmacokinetics of TX in both sexes. Subsequent comparison of the TX-induced
intestinal permeability in both sexes provided insight into the effect of residence
time of TX on Gl toxicity. We established, in both sexes, the time courses of the Gl
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effect as well as the dose effect relationship. In this model, however, any observed
difference could be attributed to other sex-related differences.

The effect of alteration of the residence time of NSAIDs (long vs short ty) has
been an object of debate in the last several years (Adams 1987, Furst 1992). In
previous studies the efficacy and toxicity of long tx NSAIDs have been compared
with those of short lived drugs. This approach ignores intrinsic molecular differences
between drugs. In male rats, we studied the effect of flurbiprofen on the intestinal
permeability following multiple pulse IP and continuous IP infusion via osmotic
pumps. The latter is a simulation of prolongation of the residence time without
repeated Gl exposure or fluctuation in the drug plasma concentration.

it has become apparent that acute gastric mucosal lesions caused by a
single exposure of the gastric mucosa to NSAIDs or other irritants decrease with
repeated insults indicating the ability of the mucosa to adapt to these damaging
agents (Konturec & Konturek 1994). This concept of adaptation during continuous
treatment has been most extensively studied for aspirin (St John ef al. 1973,
Graham et al. 1983). However, this concept has never been examined in the lower
Gl tract. We followed the changes in lower Gl toxicity during multiple pulse
treatments (IP and PO) and during continuous IP infusion.

4. MATERIALS

4.1. CHEMICALS

TX was supplied by Hoffmann-La Roche LTD. (Basle, Switzerland),
piroxicam, flurbiprofen and ketoprofen were purchased from Sigma Chemical
Company (St. Louis, MO, USA).

Potassium hydrogen phosphate, acetonitrile and triethylamine were obtained
from BDH Chemicals Canada LTD (Edmonton, Canada), L-leucinamide was
purchased from Sigma Chemical Company (St. Louis, MO, USA). Solvents were
analytical grade.

Methyl ceilulose was purchased from BDH Chemicals Canada LTD.
(Edmonton, Canada). *'Cr-EDTA (specific activity 570 MCi/mg) was purchased from
DUPONT (Wilmington DE, USA).
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4.2. ANIMALS

Mature male (300-350 g) and female (250-300 g) Sprague-Dawley rats were
housed at ambient temperature and humidity, with a 12 hours light-dark cycle in
individual metabolic cages (Fisher Scientific, Edmonton, AB, Canada). Rats were
fed ad libitum with standard chow (Purina rat chow, Ralston Purina, St. Louis, MO)
and allowed free access to water.

5. METHODS

5.1. TENOXICAM PHARMACONINETIC STUDIES

Right jugular vein was canulated with silastic tubing (0.58 mm i.d. x 0.965 mm
od., Clay Adams, Parsippany, NJ) under methoxyflurane anesthesia (Janssen,
Mississauga, Ontario, Canada) on male and female rats (n=3 in each group).
Surgery was performed the day before the pharmacokinetic experiment. Animals
were fasted overnight with free access to water. Food was allowed 3 hours after
drug administration.

On the morning of the study, rats were dosed orally with 5 or 20 mg/kg of TX
suspended in 2% methyl cellulose solution. Whole blood samples (200 ul) were
collected at 0, 0.25, 0.5, 1, 1.5, 2, 3, 4, 6, 8, 12, 24, 36, 48 and 72 hours after TX
administration and immediately centrifuged. Plasma was separated and transferred
to a 1 ml polypropylene microcentrifuge vial (Fisher Scientific, Edmonton, Canada)
and frozen at -18 °C until analysis.

$.2. TENOXICAM PROTEIN BINDING STUDY

One mi aliquots of male or female rat piasma were spiked with TX in order to
obtain concentrations of 10, 50, 100 and 150 ug/m!. Spiked plasma were incubated
for 1 hour at 37°C in a shaking water bath. Separation of free from protein-bound
drug was accomplished by ultrafiltration of free microsolute through an anisotropic,
hydrophilic YMT ultrafiltration membrane (Amicon, Beverly, MA, USA). The driving



26

force for filtration is provided by centrifugation at 3000 rpm (1800 g) on a Clay-
Adams centrifuge, for 15 min. Macromolecular components larger than the
membrane pores are retained above the membrane, while ultrafiltrate containing
free drug is collected in the filtrate cup. Collected samples were transferred into a 1
mi polypropylene vials and frozen at - 18 °C until analysis.

TX was shown to have no affinity to the ultrafiltration membrane by
measuring the concentration on each side of the membrane after centrifugation.

5.3. TENOXICAM 51Cr-EDTA PERMEABILITY STUDIES
5.3.1. INTESTINAL PERMEABILITY ASSAY

On the morning of the study each rat received a single oral dose of TX
suspended in 0.5 mi of 2% solution of methyl cellulose. To test intestinal
permeability, 0.5 ml of an aqueous solution containing 10 uCi/mi of 51Cr-EDTA was
administered orally after the dose of TX.

Urine was collected at 0-4, 4-8 and 8-24 hours foliowing the administration of
S1Cr-EDTA solution in cups containing 1 ml of HoSO4 (1M) to prevent microbial
growth. Before each collection, metabolic cages were rinsed with 10 mi of tap water
and added to urine cups. Contents of urine cups were then transferred to
scintillation vials and counted directly.

1.1. B lin rmination

For each experiment the 51Cr-EDTA solution was administered to untreated
animals (maies and females) in order to determine the baseline value of relative
permeability. Results were pooled and their mean was used as control.

Neither the suspending agent, nor the animal handling had any effect on the
intestinal permeability.
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.1. Tim r f perm ili han

TX, suspended in 2 % methy! ceilulose solution, was orally administered to
male and female rats at a dose of 5§ or 20 mg/kg. TX administrations were followed
by single doses of *'Cr-EDTA solution at 1, 2, 3, 6, 12, 24, 36, 48, 72 and 96 hours
(n=>5 for each time point).

5.3.2. DOSE EFFECT STUDY

Each group of male and female rats (n=3) received increasing oral doses of
TX (suspended in 2 % methyl cellulose): 0.5, 1, 2, 5, 10, 15, 20, 30 or 40 mg/kg
followed by a single dose of *'Cr-EDTA, 3 hours after drug administratior: for the
males and 6 hours after for the females. The 3 and 6 hour time were selected as the
maxima of the time course of toxicity in males and females respectively.

5.3.3. MULTIPLE DOSE STUDY

Male rats were randomized to receive TX at the dose of 0.5 mg/kg (n=8) or 1
mg/kg (n=8). Rats were then distributed into two treatment groups: single dose
(n=4) at 9 AM, or multiple dose (n=4) every 12 hours (at 9 AM and 9 PM) for 3 days.

Intestinal permeability was assessed at both 3 and 48 h after the last TX
administration, for each treatment group.

5.4. FLURBIPROFEN STUDIES
5.4.1. MULTIPLE DOSE / COMTINUOUS INFUSION STUDY

Male rats were randomized into two flurbiprofen (FL) treatments: multiple
dose of 2.5 mg/kg each 12 hours via intraperitoneal injection (n=8), and continuous
intraperitoneal infusion of 5 mg/kg/day (n=8). in each group, FL was dissolved in
PEG 400. The total duration of study for both treatments was 13 days.
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In the continuous infusion group, osmotic pumps (Alzet pump mode! 2002,
ALZA Scientific Products, Palo Alto, USA) were implanted under methoxyflurane
anesthesia, into the rat peritoneal cavity. Alzet pumps were filled with 200 pl of 3
solution of FL in PEG (135 mg/mi); the stability of the solution was tested after
incubation in a 37°C water bath for 14 days. The delivering rate was 0.5 ul/h. These
pumps start infusing two days after implantation. Therefore, the first day of
treatment was considered to be the third day after implantation.

Urine samples (24 hours) were collected on day 6, 10, 12, to verify the
achievement of steady state drug leveis in animals. Lower intestinal permeability
tests were performed at different times after the beginning of treatments (Figure 5.4-
1). At the time of the sacrifice, by CO2 asphyxiation, 1ml whole blood samples were
withdrawn from each animal. Samples were immediately centrifuged, the plasma
was separated, transferred to a 1 ml polypropylene vial and frozen at -18 °C until
analysis.

Duodenum, jejunum and ileum were excised from each animal, weighed,
transferied to 25 ml glass scintillation vial and immediately frozen at -18 °C until

analysis.

5.4.2. ADAPTATION STUDY

Male rats were randomized into three flurbiprofen (FL) treatments: multiple
dose of 2.5 mg/kg every 12 hours via intraperitoneal injection (n=8), multiple dose of
25 mg/kg each 12 hours via oral administration (n=8), and continuous
intraperitoneal infusion of 5 mg/kg/day (n=8). For the IP groups FL was dissolved in
PEG 400, for the oral group FL was suspended in 2% methy! cellulose. The total
duration of treatments was 8 days.

A permeability test was performed on the first day of treatment, for all 3
groups, 3 hours after the first IP and oral dose (noon). Permeability was also
measured on day 4 and 7 at noon.
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Figure 5.4-1: Design for the multiple dose / continuous infusion study.

5.5. GAMMA COUNTING ANALYSIS

Urine samples were counted in a Minaxi vy Auto-Gamma 5000 counter
(Packard, Meriden, CT, USA) for 1 minute in a counting window scanning within a
range of 0-2 Mev. Two standards of 100 pul of the administrated >'Cr-EDTA solution
(in 10 ml tap water + 1 ml HoSOg4) as well as two blank samples (10 mi tap water +
1 mi H2SO4) were counted with each set of urine samples.

The relative permeability was determined by calculating the activity in each
urine sample as a percentage of the administered dose after correction for the
background radiation. Apparent permeability was reported as the percentage of
dose excreted in urine from 0 to 8 hours.
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§.6. DRUG ANALYSIS
5.6.1. FLURBIPROFEN ANALYSIS

Flurbiprofen was quantified in plasma, urine and tissue samples according to
a method described previously (Berry & Jamali 1988). Tissue samples were ground
and suspended into 4 mi of distilled water for duodenum, and 8 ml for jejunum and
ileum. An aliquot of 1 ml of each suspension was taken for analysis.

The HPLC system used consisted of a Waters 6000A pump, a Waters 440
multiple-wavelength UV detector, WISP 712 auto sampler (Waters, Mississauga,
Canada) and a Shimadzu CRS501 integrator (Shimadzu, Columbia, MD, USA)
operating at ambient temperature. The column was a 15 cm x 4.6 mm ID Cs
anatytical column packed with 5 um particles (CSC, Montreal, Canada), attached to
a Waters Guard Pak pre column module containing a Nova-pak Cs insert. The
mobile phase consisted of phosphate buffer (pH=4.7)-acetonitrile-triethylamine
(35:65:0.02 v/v) and the flow rate was 1mi/min.

5.6.2. TENOXICAM ANALYSIS

The HPLC system consisted of a Waters 6000A pump, a Waters 440
muitiple-wavelength UV detector set at 360 nm, WISP 712 auto sampler (Waters,
Mississauga, Canada) and a Shimadzu CR501 integrator (Shimadzu, Columbia,
MD, USA) operating at ambient temperature. The column was a 25 cm x 4.6 mm ID
Cs analytical column packed with 5 um particles (Phenomenex, Torrence, CA, USA)
attached to a Waters Guard Pak precolumn module containing a Nova-pak C;
insert. The mobile phase consisted of phosphate buffer (pH=4.7)-acetonitrile-
triethylamine (70:30:0.02 v/v) with a fiow rate of 1 mi/min.

5.6.2.1. Standard solutions

Stock solutions of TX (10 ug/mi) (solution |) and piroxicara (2 ug/ml) (I1S) were
prepared in 100 ml of water. The solutions were stored at 5°C in tinted bottles.
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Two dilutions of TX solution | were prepared each day: a 1/10 dilution (solution )
and a 1/100 dilution (solution Ili). All standards were extracted in the same manner
as described below for the plasma samples.

mple pr ration

Calibration curves using standard solutions were prepared as follows:

Final Concentration of Tenoxicam added in
Tenoxicam 100 ul plasma volume
/mi
L e e —

1 100 ul of solution 1|

5 50 ul of solution Il

10 100 ul of solution |1

20 20 ul of solution |

40 40 pl of solution |

60 60 ul of solution |
-.__._________________—-—-——-——————-——E—————

In 13x100 mm test tubes, to 100 ul of plasma (standards or samples) was
added 50 ul of IS, 100 pl of 0.6 M H,SO, and 3 mi of extracting solvent (diethyl
ether). The tubes were vortex mixed for 30 seconds and then centrifuged for 5
minutes at 3000 rpm (1800 g) on a Clay-Adams centrifuge.

The top layer was transferred to a clean tube and this layer was evaporated
to dryness using a SVC 100H Savant Speed Vac concentrator and refrigerated
condensation trap (Emerston instruments, Scarborough, Canada). The residue was
reconstituted in 200 ul of mobile phase. Different aliquots of this mixture (30-100 pl)
were injected into the HPLC system for analysis.
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5.7. PHARMACOKINETIC ANALYSIS

The plasma concentrations versus time were fit to a one compartment model
using PCNONLIN version 4.0 (Metzier & Weiner 1992) and the elimination rate
constant (Ke) was estimated. The quality of the fit was assessed by the Schwartz
and Akaike criteria given, and by the distribution of the residuals. The area under
the plasma curve (AUC) was calculated using the linear trapezoid rule from 0-48 h.
AUC 4., was calculated as Cs, divided by Ke.

The apparent total body clearance (CL/F) was calculated by dividing the
dose by AUCo... The apparent volume of distribution (Vg4/F) was estimated by
dividing the apparent total body clearance by Ke.

5.8. PHARMACOLOGICAL ANALYSIS

Analysis of the dose-effect studies were performed using the sigmoidal Emax
model with baseline effect available in PCNONLIN version 4.0 (Metzler & Weiner

1992):

D’ (E max— Eo)
E=Eo+———F-—~
D" v EDso’
where E is the measured effect, D is the dose, EDs( is the dose that produces 50%
of the maximal response and y is a number influencing the slope of the curve.
Quality of the fit was determined by the Schwartz and Akaike coefficients
calculated by PCNONLIN as well as the distribution of the residuals.

5.9. STATISTICAL ANALYSIS

Linear regression was performed using the least-squares method for the
correlation between 0-8 and 8-24 hours urine collection. The significance of the
regression was tested by ANOVA, the significance of the slope and intercept were
tested using the unpaired t-te. ..
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The Student t-test for unpaired data was used to determine differences
between groups, except for adaptation studies where Student t-test for paired data
was chosen.

The level of significance was set at a = 0.05. Results are presented as mean
+ standard deviation (SD).

6. RESULTS

6.1. TENOXICAM HPLC ASSAY

TX and internal standard piroxicam were eluted at 54 and 7.2 min
respectively. There were no interfering peaks from normal components of rat
plasma.

Under our chromatographic conditions, the linear range of the assay was set
from 0.5 to 60 pg/ml in plasma. The correlation coefficient (r) was at least equal to
0.999. In plasma the detection limit for TX was 250 ng/ml, the extraction yields were
75% and 82% for TX and piroxicam respectively (table IV).

The data demonstrating precision, calculated as the inter-day and intra-day
variability, are shown in Table V. The coefficient of variation did not exceed 5% for
low, medium and high concentrations. The accuracy of the assay was demonstrated
by calculating the error on quality control samples. Error was below 10% for both
low and high concentrations (Table Vi).

Therefore, this assay was found suitable for determination of TX in rat
plasma. An example of the chromatogram and calibration curve are displayed in
Figure 6.1-1.



Table IV: Extraction yields for Tenoxicam and piroxicam in rat plasma.

Extraction Yield (Mean ¢ SD)

TX 1ug/mi  (n=3) 741264 %
TX 10ug/mi (n=3) 69 £1.53%
TX 60 pg/mi (n=3) 7512.08 %

Piroxicam 80 ug/ml_(n=9) 82+227% -

Table V: Precision of the assay. Inter-day and intra-day variability for analysis of TX
in rat plasma.

Concentration Ratio TX /IS Coefficient of Variation
/ml {(mean £ SD) (%)
Inter-day variability
1 (n=8) 0.316 £ 0.016 5.0
10 (n=8) 3.184 £ 0.08 26
80 (n=8) 19432+ 0.9 4.8

Intra-day variabllity

1 (n=3) 0.318 £ 0.013 4.03
10 (n=3) 3.163 £ 0.06 1.9

80 (n=3) 18.457 + 0.3 1.63

Table VI : Accuracy of the assay

TX (ng/ml) Calculated concentration (ug/ml) Error %
(mean % SD) {(mean % SD)
e e
0.5 (n=3) 0.520 1+ 0.008 411187

20 (n=3) 21.481 £ 0.043 7.36 £ 0.23
—_—ee e
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Figure 6.1-1: Example of chromatograms of blank rat plasma (A), tenoxicam and IS
in rat plasma (B), and calibration curve in rat plasma (C).
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6.2. TENOXICAM PHARMACOKINETIC STUDIES

The plasma concentration versus time profiles, after 5 mg/kg single oral dose
of TX, are shown in Figure 6.2-1 and the pharmacokinetic parameters describing
these profiles are presented in Tabla VII. C_, was 20.08 £ 4.96 ug/ml! in males, and
28.89 + 9.15 pg/ml in females; in males and females T, was 0.33 + 0.14 h and
1.24 + 0.9 h respectively. ty was shorter in male rats compared to female rats (5.2 +
1 h vs 16.88 £ 4 h). All the kinetic parameters were fourd to be significantly different

between the sexes except Vq4/F (p=0.06).

Table Vil: Pharmacokinetic parameters after 5 mg/kg single oral dose of TX in male
and female rats (n=3, mean + SD).

FEMALES MALES
e
Kg (h7Y) 0.043 £ 0.011 0.136 £ 0.027%
AUC, ., (mg.h/l) 587 £ 105 80.5 + 21*

Vg/F (ml) 46.51 18 11141

CL/F (ml/min) 0.029 £ 0.006 0.367 + 0.09*
e e ——— -~ AP

a: statistically significantly different from females (p<0.05).

Figure 6.2-1 and Table Vi illustrate the plasma concentration vs time profile
after 20 mg/kg and pharmacokinetic parameters respectively. Crax Was 85.2 £ 235
ug/ml (T, ., = 2.66 £ 0.57 h) and 78.85 + 7.9 ug/ml (Thax = 2.5 £ 0.86 h) in males
and females respectively. The elimination half-life remains significantly longer in
females with 21.06 £+ 3 h vs 5.85 + 0.95 h in males. The oral clearance in males was
found to be significantly lower at this 20 mg/kg dose.
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Figure 6.2-1: Time course of tenoxicam in male and female rats. Dose of 5mg/kg
(upper panel), dose of 20mg/kg (lower panel). (n=3, mean + SD).
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Table VIlI: Pharmacokinetic parameters after 20 mg/kg single oral dose of TX in
male and female rats (n=3, mean + SD).

FEMALES MALES
Kg (b)) 0.043 £ 0.01 0.121 £ 0.02*
AUC, ., (mg.h1) 2114 £ 238 734 £ 88°
Vg/F (ml) 70£8.5 83+46

CUF (/min) 0.037 + 0.004 0.162 + 0.02%b

a: statistically significantly different from females (p<0.05).
b: statistically significantly different from the 5 mg/kg dose (p<0.05).

6.3. TX PROTEIN BINDING

Protein binding was determined over the concentration range of 10 to
160 pug/ml. This range covers the plasma concentrations observed in male and
female rats, after 5 or 20 mg/kg doses of TX. The free fraction in both sexes
appears to be concentration dependent for plasma concentrations above 50 pg/ml
(Figure 6.3-1). Except for the 10 ug/mi concentration, the free fraction was
significantly lower in females over the concentration range studied.

6.4. TENOXICAM PERMEABILITY STUDIES

After administration of *'Cr-EDTA, urine samples were collected from 0-4 h,
4-8 h and 8-24 h. The first two fractions were pooled since some rats produced
very small volumes of urine in one of the time intervals.

Addition of the last fraction results did not improve the efficiency of the °'Cr-
EDTA test, hence, as indicated in Figure 6.4-1, results from 0-8 h and 8-24 h
correlates well (r=0.961, ANOVA p<0.05). Therefore, all results are expressed as %
dose of *'Cr-EDTA excreted 0-8 h.
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Figure 6.3-1: Free fraction of tenoxicam in male and female rat plasma (n=3).
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24 hours, for control rats and rats receiving various oral doses of tenoxicam (n=94).
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Base line values generated from untreated male (n=14) and female (n=13)
rats in each and every experiment were pooled and their means (1.439 £ 0.249 for
the males and 1.6 £ 0.167 for the females) were used as control.

6.4.1. TIME COURSE OF PERMEABILITY CHANGES

Changes in permeability over time in male and female rats receiving single 5
mg/kg oral dose of TX are presented in Figure 6.4-2. In both groups, a statistically
significant increase in the apparent permeability was observed 1 hour after drug
administration which persists until 6 hours. Due to a very large variability in the first
two hours, the 3 hours (in the males, 4.48 + 1.286 %) and 6 hours (in the females,
4.395 t 1.487 %) post dose effects were considered as the maximum toxicity.
Permeability returned gradually to base line value 24 hours following TX
administration. No difference, at any time point, was found between sexes.

The changes in permeability over time at the 20 mg/kg are depicted for both
males and females in figure 6.4-3. A more pronounced increase in permeability was
observed at this dose, with maxima of 15.348 + 2.279 % at 3 hours post dose in
males and 19.948 + 4.690 % at 6 hours post dose in females. From 6 to 72 hours,
permeability in male rats remains significantly lower than in female rats. In males,
permeability returns to base line values 36 hours after TX administration (2.716 +
1.8 %). However, in females, permeability at 72 hours post dose was still
significantly higher than the base line (3.461 £+ 0.649 %).

6.4.2. DOSE-EFFECT RELATIONSHIP

Since the maximal permeability following oral TX accurred at 3 h post dose in
the males and at 6 h post dose in the females, the dose-effect relationship was
examined in each sex at these respective time points.

As shown in Figure 6.4-4, the dose-effect relationships were best described
by a sigmoidal Emax model, with a plateau around 40 mg/kg in both males and
females. The model parameters determined by PCNONLIN are presented in Table
iX. No difference was found among sexes except for the 20 mg/kg dose where the
effect was significantly higher in females (27.44 + 2.75 vs 12.63 + 1.19 %).
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Table IX: Pharmacodynamic parameters for TX in male and female rats. Estimation
by PCNONLIN £ SD.

FEMALES MALES

———_————_——-—_——_—a—_—__——_—
Emax (%) 3749¢2.78 36.26 £ 2.98
EDgg (Mg/kg) 16.8 £ 1.33 22.24 £1.43
Eg (%) 2.33$0.72 2.7340.45

Y 3.021086 4.53 £+ 0.88
—_——————e——

6.4.3. MULTIPLE DOSE STUDY

Percent increase in intestinal permeability after multiple oral doses of TX (0.5
and 1 mg/kg) was compared to that observed after same single oral doses (Figure
6.4-5). These two doses were selected for their equivalence to human daily dose.
No significant difference was found between the single dose and muiltiple dose
treatments after both 3 or 48 h permeability measurements.

Both single and multiple dose regimen at 0.5 mg/kg did not increase
significantly the intestinal permeability (3 and 48 h) from base line value. However,
after single and multiple dose treatments at the 1 mg/kg dose, permeability was
significantly higher than controls at 3 h.

6.5. FLURBIPROFEN STUDIES
6.5.1. MULTIPLE DOSE / INFUSION STUDY
The permeability changes induced after multiple IP injections are presented

in Figure 6.5-1. The augmentation of permeability on day 1 (3 h after the first dose),
day 8 or day 10 were significantly higher than base line. Furthermore, intestinal
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permeability significantly decreases on day 8 and day 10, but remains higher than
controls. After continuous IP infusion, the permeability measured on day 8 (241 ¢
0.478 %) was significantly above the base line value, but lower than that observed
in the muiltiple dose group on the same day (4.06 + 0.15 %) (Figure 6.5-2).

Animals in the multiple dose group were sacrificed 5 hours after the last IP
administration. Rats in the infusion group were sacrificed at the same time as those
in the multiple dose group. The plasma levels obtained on the day of sacrifice were
not different from one another in the two treatments (Table X). Intestinal segments
were excised, R and S-FL were quantified in each tissue for each group. Tissue
levels of S-FL tended to be higher in the muitiple dose group, but only S-FL
concentration in duodenum reached statistical significance (Table X).

Table X: Plasma and intestinal tissue levels of fiurbiprofen in multiple dose group
and pump group (n=8, mean + SD).

PUMP GROUP MULTIPLE DOSE GROUP
R-Flurbigrofen S-Flurbiprofen R-Flurbiprofen S-Flurblerolon
Plasma (ug/ml) 1.266 £ 0.1 367 0.9 1.166 £ 0.7 455+18
Duodenum (ug/g tissue) 227104 59+1.88 256 +1.8 9.70+ 486
1.92 £ 0.99 597+18 1.89 £ 1.04 72217

Jejunum (ug/g tissue)
lleum (ng/g tissue) 26517 574 2.1 362+25 653123
M ——— ___——-——_—_———___-

a: statistically lower than multiple dose group (p<0.05).

6.5.2. ADAPTATION STUDY

The permeability changes (on day 1, 4 and 7) induced by the 3 different
treatments are presented in Figure 6.5-3. Intestinal toxicity after oral treatment was
consistently higher than the one induced by IP muitiple dose treatment, however,
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Figure 6.5-1: Permeability changes induced by multiple doses of flurbiprofen (5
mg/kg/day). (n=8, mean + SD).

*. significantly different than day one,
#: significantly different than day 8.



49

Multiple dose Pump
Day 8 Day 8

Figure €.5-2: Comparison between continuous infusion and multiple dosing of
flurbiprofen (5mg/kg/day). (n=8, mean + SD).

* significantly different from pump.
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none of these differences reached statistical significance. Increase in intestinal
permeability was lower after continuous IP infusion than after multiple IP injections
(p=0.059 on day 1 and p=0.02 on day 4).

Adaptation was observed in all treatments. Toxicity significantly decreases
on day 4 as compared to day 1 in both muitiple dose treatments (IP and PO). On
day 7 only the toxicity after multiple IP injections diminished significantly. Adaptation
was less pronounced in the pump group due to a low toxicity profile of this
treatment. The evolutions of intestinal permeability in each individual rat for each
treatment are presented in Figure 6.5-4.

7. DISCUSSION

The possibility that long half-life NSAIDs are more toxic has been extensively
discussed in the last ten years (Paulus 1985, Adams 1987, 1992, Furst 1992). It is
believed that drugs with long serum t, maintain plasma concentrations throughout
the dosing interval and thus may result in altered Gl tract effects as compared with
short-lived drugs (Furst 1992). However, this hypothesis do not consider the
influerice of intrinsic molecular toxicity of drugs, as a molecule with a shorter half-life
may have a more (or less) potent effect than a molecule with a long half-life. TX is a
new NSAID showing a half-life of 70 hours in humans. Interestingly, a noticeable
sex difference was found in its disposition in the rats: t in females was much longer
than in males (16.88 + 4 h vs 5.2 £+ 1 h). A comparison of TX toxicity in male vs
female provides a model to examinz the influence of residence time on Gl toxicity.
Therefore, we could study the impact of increased residence time of a same drug in
the body, without the obstacle of using different chemical compounds.

TX is describad as a drug with high plasma protein binding (Day et al. 1988),
a low volume of distribution and a very low clearance (Hartmann et al. 1987). The
TX long ty permits administration of single daily doses which leads to improved
compliance and afficacy in patients (Jacobs et al. 1988). Despite a number of
reports examining the biological activity of TX in the rat, few studies have attempted
to characterize the pharmacokinetics of the drug in this animal model (Lopez-
Bustamante et al. 1992, 1993). They observed a significant decrease in the binding
to plasma proteins when increasing the dose, and
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suggested a nonlinear disposition of TX at high doses (10 mg/kg). Beside these
results, the disposition pattern of TX in the rat remains largely undefined. Resulits
from the pharmacokinetic study showed a relatively short elimination ty, in male rats
(5.2 £ 1 h). Previous studies have reported sex differences in pharmacokinetics of
oxicam in rats, showing a lower clearance in females (Woolf & Radulovic 1989,
Roskos & Boudinot 1990). The sex of the rat had a marked effect on TX
pharmacokinetics with a mean oral clearance ten fold lower in females (0.029 +
0.006 vs 0.367 + 0.09 mi/min). The free fraction of TX in plasma was greater in male
rats than in female rats. However, the magnitude of the difference in the free
fraction was not as large as the difference in clearance and the protein binding only
partially explains the sex dependent disposition of TX. Similar results have been
observed with piroxicam (Roskos & Boudinot 1990).The other component would be
a sex difference in the metabolism of TX, since TX is a low extraction drug and its
clearance mainly depends on protein binding and enzyme activity (Lopez-
Bustamante et al. 1992). Such disparities in metabolism between males and
females have been shown with salicylates with higher toxicity in females
(Scheresowa et al. 1975). These sexual differences might be primarily genetic in
nature or rule by sex hormones (Bonate 1991). Most of the evidence for such a
difference comes from animals, particularly rats (Sechserova ef al. 1975, Roskos &
Boudinot 1990) but some is also available from humans (Aarons ef al. 1989,
Greenblatt et al. 1986, Richardson et a/. 1985). On the other hand, little is known
about the effect of sex on the pharmacodynamics of drugs. Such a difference has
been established for barbiturates (Hoffman & Levy 1989) showing a longer half life
in females reflected by the much longer duration of action of effect in females. This
marked difference in the disposition of TX provides insight as the effect of t, on
lower Gl toxicity. The sex difference of TX in the clearance in general and in half-life
in particular was used to examine the influence of pharmacokinetic variability in the
toxicity of NSAIDs. As a mean of toxicity measurement, °'Cr-EDTA permeability was
employed.

Since altered intestinai permeability after NSAIDs use precedes inflammatory
damage, assessment of these early changes in mucosal permeability could be a
reliable way to diagnose and to prevent Gl complications. Rats have been
successfully used as models for quantitative changes of intestinal permeability in
enteropathies induced by ethanol, cetrimide and methotrexate, using the *'Cr-EDTA
test (Bjarnason et al. 1985). Recently, different studies from our laboratory have
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examined increased intestinal permeability after NSAID administration using the
same method (Davies et al. 1994). All the results suggest that the rat is a suitable
mode! for measurement of intestinal permeability. Thus, the base line value of
control rats (2.07 + 1.181 %, from 0-24 h urine collection) is similar to that found in
humans (2.45 %, Cl = 2.11-2.86) (Aabakken 1989). Furthermore, as observed in our
control rats, no sex difference has been observed in human base line permeability
(Mielants ef a/. 1991). The small intestinal permeability changes in rats seem to
paraliel human ones. iIndomethacin (Bjarnason et al. 1984a), naproxen (Bjarnason
et al. 1984a, Aabakken 1989) and ibuprofen (Bjarnason et al. 1984a,1986) have
shown a dose dependent effect on intestinal permeability; similar results have been
observed in the rat.

Numerous studies in humans have demonstrated, using urinary excretion of
51Cr-EDTA, increases in intestinal permeability caused by different NSAIDs like
naproxen (Jenkins et al. 1987), indomethacin (Bjarnason et al/. 1992, 1991),
ibuprofen (Bjarnason et al. 1987,1984a) or nabumetone (Bjarnason et al. 1992,
1991). All these studies discuss NSAIDs' intestinal permeability, however none of
them have examined the time course of these changes. Furthermore, no
consideration is given to pharmacokinetics of these agents. Much has been
published on the relationship between toxicity and elimination half-life (Adams 1987,
1992, Furst 1992). This hypothesis derived from study following the marketing of
piroxicam, first NSAID with a long half-life in human (Collier & Pain 1985). Beside
the limitations in some of the origina! data collection as mentioned later (Paulus
1985), this conclusion may over simplify a rather complex concentration-effect
relationship and none of these studies clearly examined the relationship between
prolonged residence time and lower intestinal toxicity. Other observations, however,
show no correlation between different frequencies of NSAIDs' side effects and the
corresponding half lives of the drugs (Albengres et al. 1988). A variety of
approaches to reduce the risk of Gl side effects have been considered such as
controlled release formulation, enteric coating, suppositories, and pro-drugs (Vavra
& Paulus 1992, Verbeeck 1992). However, they have had a little success and
considered only the local component of these side effects. Hence, the proionged-
release form of indomethacin (Osmosin®) was briefly marketed in UK in 1983, and
withdrawn due to increased in lower intestine toxicity (Day 1983). In this case, the
toxicity was displaced further down the GI tract, and sustained release formulations
might just delay the toxicity from the upper Gl to the lower Gl. The relative
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importance of local and systemic effects may be unique to each drug and related to
specific chemical and pharmacokinetic properties of the individual product. This has
major implications for enteric coating of a drug and other measures taken to
diminish local toxicity. Since an effective coating principle developed for one
substance will not necessarily be advantageous for another (Aabakken 1992).

In this work, the 5 mg/kg dose was selected to achieve a high enough
increase in intestinal permeability to measure its time course, since the dose
therapeutically equivalent to human dose (0.5 mg/kg ) produced a significant but
small effect (3.04 + 0.33 %). The time course of permeability changes induced by
TX (5 mg/kg) was established in both male and female rats. Surprisingly, the large
differences in the kinetics of TX between males and females were not reflected in
the time courses of the effects which were found identical (Figure 6.3-2).
Furthermore, no relationship was found between concentration and effect in either
sex. This might be explained by the very low effect measured after the 5 mg/kg
dose. Indeed, the dose used to established the time course of the effect was rather
low, considering the dose-effect curve (Figure 6.4-4). The 0.5-10 mg/kg dose range
produce a very small effect; therefore, it might be very difficult to detect any
difference between sexes at this level of toxicity. Considering the very low effect of
TX on intestinal permeability at this 5 mg/kg dose, we assessed the permeability
after increasing doses (Figure 6.4-4). The dose-effect relationships were sigmoidal
in both males and females. Although the Em..s were found identical, the increase of
effect was faster in females (as shown by a lower EDg in femaies), suggesting a
greater sensitivity in the 15-30 -ag/kg dose range. Except EDs, all the other
parmacodynamic parameters were identical (Table IX). As the 20 mg/kg dose
induced a significantly higher effect on permeability in females, we decided to
examine the time course of permeability at this particular dose. As expected, the
male and female permeability profiles were statistically different (Figure 6.4-3). The
maximum effect is significantly higher in females ( 19.948 + 4.690 % vs 15.348 +
1.332 % ). Moreover, permeability remains above base line value 72 h post dose in
females while it is back to normal value 24 h post dose in males. The difference was
more important in term of magnitude of the effect compared to the duration of the
effect, suggesting a minor influence of the prolonged residence of TX in females. In
this study, we established the time course of TX-induced permeability in the rat at
two diffarent doses. Despite a longer elimination haif life in females, the TX toxicity
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profiles were identical at the 5 mg/kg dose. The toxicity, however, was significantly
higher in females at the 20 mg/kg dose.

However, the toxicity profile of TX was not high enough to allow the detection
of significant differences. In addition to the drug clearance, other sex related
parameters may be involved in the difference noticed in the toxicity profile of TX in
male and female rats. Alternatively, a comparison of short with long half-life drugs
may be carried out in the same sex. This, however, may ignore intrinsic molecular
differences between the two drugs. Therefore the same NSAID may be used as
regular vs sustained release formulations (SR). However, SR also are not suitable
for comparison with regular release since the presence of drug in the intestine (i.e.
the site of toxic action) is prolonged rather than the systemic half-life or residence
time. Hence, Alzet pumps were selected to mimic long half-life. Alzet pump are
osmotic pumps, designed to release products at a constant rate. They have been
successfully used to deliver ibuprofen and flurbiprofen intraperitonealy (Orita et al.
1987, Offenbacher et al. 1988). In our study, the IP implantation had the advantage
to avoid continuous Gl release as encountered after SR. In this regard, we selected
flurbiprofen for its shorter half-life and the significant increase in permeability
produced by a 5mg/kg dose (~ 10%). A comparison of pulse IP therapy vs Alzet
pump provided informations on the effect of C.ex cOncentrations on lower G! toxicity.
A comparison of pulse IP therapy vs pulse PO therapy provided informations on
repeated Gl exposure impact on toxicity.

A lower toxicity profile was noticed after the pump therapy as compared to
the two other treatments. These observations were consistent over time (on days 1,
4 and 7) suggesting that prolonged and constant systemic availability (simulated
long half-life) improved the safety of FL. Secondly, the comparison between IP and
PO therapies gave data on the local and systemic component of FL effect on
intestinal permeability. Even though it did not reach statistical significance, the
toxicity after IP pulse treatment was consistently lower than after PO. This suggests
a presystemic component of the effect on intestinal permeability. Even though the
achieved steady-state concentrations were equivalent, effects were different. Since
pulse therapies were more toxic than infusion therapy, it appears that fluctuations in
biood levels induce more damage. It might be due to the peak concentrations,
causing damage at each administration. Pulse therapy also induced higher tissue
concentrations in different parts of the small intestine (Table X). Therefore, local
effects might be more important in repeated administrations.
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An interesting observation subsequent to the multiple dose/continuous
infusion study, was a progressive decrease of intestinal permeability over time,
despite the continued administrations. Hence, in each puise treatment (PO and iP)
the effect significantly diminished from day 1 to day 4. Furthermore, the effect on
day 7 permeability induced by IP pulse treatment was significantly lower than in day
4 (Figure 6.5-3). In the continuous infusion therapy, the same trend was noticed but
due to the low toxicity profile of this treatment statistical significance was not
achieved. This phenomenon of adaptation has been observed for upper Gl tract
side effects with repeated administrations of aspirin first in rat (St John et al. 1973)
and then confirmed in humans (Graham et al. 1983, 1988). However, data of lower
intestinal adaptation have not been reported up to now. There is abundant evidence
that the gastric mucosa can increase its resistance to injury when challenged
repeatedly with potentially harmful agents. It has been proven with many agents
including ethanol, alkali, acid, bile hyperosmolar solutions and NSAIDs
(Deregnacourt 1979, Lacy 1985, Kuwayama 1986). It has been proposed that
adaptive cytoprotection is due to stimulation of endogenous prostaglandin synthesis
(Robert 1983, Konturek & Konturek 1994). Thus, some mild irritants such as low
concentration solutions of alkali, or ethanol can stimulate prostagiandins synthesis
and do not show any toxicity (Robert 1983). If given prior more toxic products, these
mild irritants can also prevent their damage. However, some studies have shown
that adaptive cytoprotection still occur after doses of indomethacin sufficient to
cause a profound depression of PGE2 release (Hawkey et al. 1988). Therefore, the
stimulation of endogenous production of prostaglandin could not be the sole
mechanism of adaptation. The hypothesis that adaptation could be due to formation
of a protective covering of surface debris has been brought up but needs further
investigation. Beside PG other factors such as epidermal growth factor are essential
in the protection of the gastric mucosa (Konturek & Konturek 1994) Furthermore,
evidence of increase in the rate of proliferation in gastric and duodenal epithelium
by NSAIDs may form one of the mechanisms underlying gastric and duodenal
adaptation (Levi ef al. 1992). All these studies involve oral administration of
ulcerogenic substances and the emphasis is made on the local adaptation to the
presystemic effect. In our work, adaptation of the lower intestine has been cbserved
after oral and IP multiple administration. Therefore the presence of a systemic
mechanism of cytoprotection should be envisaged. These observations of
adaptation are, however, in contradiction with the highest incidence of damage
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during long term NSAID therapy (Bjarnason & Peters, 1988). This discrepancy may
be explained by the fact that during the long term therapy more frequent doses are
used. This may increase the chances of causing injury, i.e. the frequency of
exposure rather than the drug accumulation might be the cause of higher toxicity
after repeated doses.

8. CONCLUSION

Clearance of TX is lower in female than in male rats. Thus, making a sex
comparison of toxicity provides a valid measure of the influence of pharmacokinetic
variables on the toxicity of NSAIDs. The results, however, were not conclusive
mainly due to the lack of substantial toxic effect of TX and also to the possibility of
interference of other sex-related factors.

Flurbiprofen, a potent intestinal permeability enhancer, with short half-life
when given as immediate release formulation, mimicked characteristics of a long
half-life drug when it was administered IP with osmotic pumps. The enhanced
intestinal permeability was less after administration via IP pump than that after IP or
PO pulse therapy. This suggests attainment of higher safety profile when the
frequency of administration is reduced, i.e. fewer concentration fluctuations and less
frequent exposure to the intestinal mucosa.

Prolonged administration of NSAIDs resulted in gradual reduction in the
effect on intestinal permeability, suggestive of adaptaiion. Therefore, the higher
incidence of toxicity reported after long term NSAID therapy could be the result of
frequent exposure of the Gl mucosa rather than drug accumulation.
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