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Abstract
Objective
To elucidate the mechanism of gastrointestinal (Gl) toxicity of ibuprofen and to examine the effect of altered
site of drug release using gastroduodenal and intestinal permeability testsin the rat model.

Methods
Adult male Sprague-Dawley rats were administered (n = 6 per group) either: (1) 100 mg/kg immediate or
sustained release ibuprofen; (2) 100 mg/kg immediate release and ibuprofen lysinate; or (3) 100 mg/kg or
200 mg/kg ibuprofen po or sc. Upper and lower Gl permeablity as a surrogate marker of toxicity were
determined at pre-determined times using the urinary excretion of orally administered sucrose and 51Cr-
EDTA permeability probes, respectively.

Results
Ibuprofen administration resulted in a dose-dependent increase in both upper and lower permeability of the
Gl tract. Both immediate and sustained release preparations of ibuprofen increased upper and lower Gl
permeability with no shift of toxicity to the site of drug release. |buprofen lysinate also induced significant
increased upper and lower Gl permeability comparable to immediate release ibuprofen. Oral doses were
not more toxic than sc doses.

Conclusion
I buprofen-induced increased Gl permeably appears to be independent of the type of formulation and route
of administration. This indicates that, contrary to some other nonstereoidal anti-inflammatory drugs,
ibuprofen’s effect on GI permeability is mainly systemic and the direct local effect contributes minimally to
itsoverall Gl toxicity. Ibuprofen may be a suitable candidate for sustained release formulations since its
effect may be prolonged without the danger of a shift of side effect from the upper to the lower Gl tract.
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Introduction

Ibuprofen is a 2-phenylpropionic acid
derivative with powerful analgesic and
anti-inflammatory activities and is used
extensively in the treatment of osteo-

arthritis and rheumatoid arthritis, and as
an analgesic. Similar to other nonsteroi-
dal anti-inflammatory drugs (NSAIDs),
the most frequent and important adverse
effect of ibuprofen isin the gastrointes-
tinal (Gl) tract (1). The Gl toxicity of

NSAIDs results from: (1) adirect local

contact effect that can be attributed to a
combination of local irritation of the
NSAID and inhibition of prostaglandin
synthesis at the Gl site, and (2) agen-
erd systemic effect which is manifested
after all routes of drug administration
2.

A number of different methods have been
developed to assess Gl toxicity (e.g., ra
diology, endoscopy, and permeability
tests). The permeability tests using su-
crose and 51Cr-ethylenediaminotetra-
acetic acid 1Cr-EDTA) as probes offer
valid diagnostic methods that detect
NSAID-induced injury in the upper (3)
and lower (4) Gl tract, respectively. The
intact mucosais normally poorly perme-
able to these probes. With theloss of in-
tegrity of the mucosal barrier caused by
NSAID, these probes will pass through
the surface epithelium, gain accessto the
blood, and ultimately appear in the urine.
The amount of excreted sucrose and
S1Cr-EDTA inthe urineis proportional

to the degree of upper and lower GI dam-
age, respectively. Sucroseis rapidly bro-
ken down in the small intestine by su-
crase to its monosaccharid constituents,
glucose and fructose. Therefore, sucrose
excretion in the urine indicates permea-
tion from the gastroduodenal tract. There
isasignificant correlation between Gl

endoscopic grades and the extent of su-
crose permeability (3). On the other
hand, 51Cr-EDTA is a sendtive and reli-
able intestinal permeability probe. The
S1Cr-EDTA permeability changes which
are probably due to NSAID-induced al-
tered permeability of epithelial tight
junctions (5) correlate well with ulcera-
tion and GI blood loss (4).

Ibuprofen is a frequently used anti-in-
flammatory, analgesic and antipyretic
NSAID. Although safer NSAIDs, i.e.,
selective cyclooxygenase 2 inhibitor
agents (6) have become available, ibu-
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profen is expected to continue to be a
commonly used drug at least as an over-
the-counter analgesic. A considerable
number of different preparations of ibu-
profen are being consumed every day.
Attempts have been made to improve the
efficacy and safety profile of ibuprofen
by altering its absorption kinetics, such
as preparation of sustained release for-
mulations or ibuprofen lysinate (7, 8).
As has been shown for flurbiprofen (9)
and tiaprofenic acid (10), however, the
modification of NSAID release may shift
the toxicity to the site of drug release.
Hence the rationale for the use of modi-
fied release formulations of NSAIDs has
been questioned (11, 12). Altered release
may influence the toxicity due to direct
contact, but should have no effect on the
toxicity that is contributed by the sys-
temic inhibition of the prostaglandin syn-
thesis. Therefore, it might be possible to
delineate the mechanism of NSAID-in-
duced Gl toxicity by using different for-
mulations and routes of administrations.
The objective of this study wasto eluci-
date the mechanism of induced Gl tox-
icity of ibuprofen and to examine the
effect of atered site of drug release. This
was achieved by studying the pattern of
increased Gl permeability as a surrogate
marker of Gl toxicity (13, 14) caused by
different preparations of ibuprofen, i.e.,
immediate release powder, sustained re-
lease granules, crushed ibuprofen lysin-
ate tablets and also the effect of the route
of administration.

Materials and methods

Chemicals

Racemic ibuprofen powder B.P/U.S.P.
was obtained from Wintrop Laboratories
(Newcastle, England). Sustained release
granules of ibuprofen were from Apotex
(Weston, Canada). Methyl cellulose, D-
glucose were purchased from BDH
Chemicals (Edmonton, Canada). Su-
crose was purchased from Aldrich
Chemical Company Inc (Milwaukee,
WI, USA). S1Cr-EDTA was purchased
from Dupont NEN (Wilmington, DE,
USA). Trinder's Reagent and lysine were
obtained from Sigma (St. Louis, MO,
USA). Ibuprofen lysine (dolormin) was
purchased from Woelm Pharma GmbH
& Co (Eschwege, Germany). Other rea
gents used in the study were of analyti-
cal grade.



Animals

Adult male Sprague-Dawley rats were
housed at ambient temperature in indi-
vidual metabolic cages (Fisher Scien-
tific, Edmonton, Canada). Animals were
fasted overnight and during the experi-
ment with free access to water. The ex-
periment was approved by the Animal
Care Committee of the University of
Alberta.

Formulations

Oral doses were administered to rats by
oral gavage. An immediate rel ease ibu-
profen preparation was made by sus-
pending ibuprofen powder in 1% me-
thylcdlulose. Thisformulation had anin
vitro dissolution time for 50% ibuprofen
(t50%) of 6 min. The time to reach the
peak concentration (tmax) Was 1 hr. For
the dry sustained release ibuprofen gran-
ules t50% = 42 min and tmax = 2.5 hr
(15). In humans, ibuprofen lysinate has
a faster dissolution, and hence a more
rapid absorption (tmax = 0.55 hr) than
immediate release ibuprofen (tmax = 0.89
hr) (7, 8). Crushed ibuprofen lysinate
was introduced into the stomach by a
flexible plastic tube attached to the oral
gavage, followed by 0.3 ml water. Wa-
ter, methylcellulose, or lysine was used
as placebo in control rats. Subcutaneous
(sc) ibuprofen solution was prepared by
dissolving ibuprofen powder in 1 ml eth-
anol, diluting, and adjusting itspH to 9
with sodium bicarbonate. The sc vehi-
clewas used in control rats.

Effect of the formulation on Gl
permeability

To test immediate versus sustained re-
leased ibuprofen, 3 groups of 6 rats (300-
350 g) were dosed orally with 100 mg/
kg of immediate release ibuprofen, sus-
tained release ibuprofen, or placebo. At
1, 3, and 8 hours post-dose, 1 ml of the
permeability marker syrup containing 1
g sucrose and 10 p Ci 51Cr- EDTA was
administered by oral gavage and urine
was collected for 8 hrs.

To test ibuprofen lysinate versus immedi-
ate release, rats (6 per group) weighing
300-350 g were dosed orally with 100 mg/
kg ibuprofen as either ibuprofen lysinate
or immediate release ibuprofen. Gl per-
meability changes were assessed after 1
hour. Control rats received either 1%
methylcellulose or 75 mg/kg lysine.
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To test the effect of the dose and route
of administration on Gl permesbility, rats
(6 per group) with aweight of 250-300
g were dosed with ibuprofen 100 and 200
mg/kg either orally or sc. Gl permeabil-
ity changes were assessed at the maxi-
mum effect time (15), i.e. after 1 hour.
Control rats received either 1% methyl-
cellulose or an sc vehicle.

S1Cr-EDTA and sucrose permeability
assessment

Relative permeability was assessed by
calculating the percent of administered
dose of sucrose and the activity of 51Cr-
EDTA excreted in urine over 8 hrs. An 8
hour collection period was shown to be
adequate (4, 14). The time post-dose ad-
ministration of permeability probes was
selected according to the release profile
of the examined formulations. Sucrose
and 51Cr-EDTA were measured using a
spectrophotometer (13) and gamma
counting (14), respectively.

Satistical analysis

Differences between two means were
determined by the Student's unpaired t-
test. Oneway ANOVA fallowed by Dun-
can's New Multiple Range test was used
to determine the difference between more
than two means. A p < 0.05 was consid-
ered significant. Data are presented as
means + the standard error of the mean.

Results

Both sustained and immediate release
preparations significantly increased up-
per Gl permeability at 1 hr post-dose as
compared with control rats (Fig. 1). At 3
hrs post-dose only the sustained release
formulation induced a significant in-
creasein upper Gl permeability. Theim-
mediate release preparation, on the other
hand, significantly increased lower Gl
permeability at 1 hr, while the sustained
release preparation did so at 3 hrs. Fol-
lowing both preparations, both upper and
lower Gl toxicity returned to baseline
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Fig. 1. Sucrose (gastroduodenal) andS1Cr-EDTA (lower Gl tract) permesbility at 1, 3, and 8 hours after
administration of 100 mg/kg ibuprofen in the form of immediate release or sustained release prepara-
tions. Control rats received placebo in either immediate release or sustained release form. * Significantly
different from control. Error bars represent standard error of the mean.
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Fig. 3. Effect of the route of administration (oral and subcutaneous [sc]) and the dose (100 and 200 mg/
kg) on the gastroduodenal (sucrose) and 51Cr-EDTA (lower Gl tract) permeability of ibuprofen.
*Significantly different from the control; **significantly different from the control and patients receiv-
ing the 100 mg/kg dose. Error bars represent the standard error of the mean.
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levelsin 8 hr (Fig. 1).

Ibuprofen lysinate induced similar sig-
nificant increased upper and lower (Fig.
2) Gl tract permeability as compared
with control rats, which received either
1% methylcellulose or lysine (Fig. 2).
Increased permeability was dose-depen-
dent after both po and sc administration.
Administration of 100 and 200 mg/kg of
ibuprofen viasc induced asignificant in-
crease in upper and lower Gl tract per-
meability (Fig. 3) as compared to con-
trol rats. The increased upper and lower
Gl permeability following 100 mg/kg sc,
but not 200 mg/kg, was significantly
greater than the permeability after oral
administration (Fig. 3).

Discussion

The Gl side effects of NSAIDs are often
perceived to be due to their local effect.
Hence, considerable attempts have been
directed to reduce Gl toxicity caused by
direct contact of the upper Gl tract with
NSAIDs. They include preparation of
pro-drugs to temporarily mask the acidic
group of NSAIDs (16-17) or modifica-
tion of the site of release (e.g., sustained
release or enteric coated preparations).
However, the effectiveness of these ap-
proaches depends on the importance of
the local versus systemic effects of a
drug. Nabumetone is a non-acidic pro-
drug NSAID (18). Nonetheless, the in-
cidence of peptic ulcer in patients using
nabumetone is comparable to that ob-
served with other examined NSAIDs
(17, 19). Thus, it appears that, even
though the prodrug nabumetone may
offer reduced direct Gl toxicity, its sys-
temic effect still presents a significant
risk of serious GI complications.

It has been assumed that sustained re-
lease and enteric coated NSAIDs have
less toxicity due to lowered peak plasma
concentrations and decreased local ex-
posure of the upper Gl tract to the prepa:
rations (20, 21). However, these formu-
lations may increase exposure to the ac-
tive substance in the lower Gl tract,
where the adverse reactions are usually
more risky, life-threatening, and difficult
to diagnose (11, 22). In therat, the gas-
troduodenal permeability of sustained
release flurbiprofen (9) and tiaprofenic
acid (10) is significantly less than that
of regular release formulations, due to



exposure of the gastroduodenum to a
relatively lower concentration of the
drug. On the other hand, sustained re-
lease formulations of the latter drugsin-
duceincreased permeability in the distal
intestine. This suggests ashift in the site
of toxicity of these NSAIDs from the
upper to the lower Gl tract. Similarly a
retrospective study of NSAID users has
reveaed that the Gl toxicity of sustained
release NSAIDs may indeed be more fre-
quent than that of regular release NSAID
(12). For ibuprofen and naproxan, com-
parative studies focusing on the formu-
|ation dependency of Gl toxicity have
been carried out (23, 24). However, the
methods used (i.e., endoscopy and 51Cr-
|abled erythrocytes) were not capable of
detecting aside shift in Gl toxicity.

In this study, 3 different ibuprofen for-
mulations with different release profiles
were used to assess the contribution of
the local effect to the overall induced
toxicity. The pattern of ibuprofen release
and the subsequent local effect on the
Gl tract following administration of the
lysinate (7, 8), a powder, and the sus-
tained release formulation (15) were dif-
ferent. The extent of sucrose permeabil-
ity (i.e., gastroduodenal toxicity) after
administration of all the latter ibuprofen
products was generally similar, sugges-
tive of alesser importance of the local
toxicity caused in the upper Gl tract. The
only difference between the immediate
and sustained release formulations was
that the effect of the latter on sucrose per-
meability persisted longer than the for-
mer. At 3 hours post-dose, the perme-
ability following the immediate release,
but not after the sustained release for-
mulation, returned to the baseline (Fig.
1). The difference between the two for-
mulations at 3 hours was, however, in-
significant. This minor difference be-
tween formulations could be areflection
of the more sustained systemic presence
of the sustained release formulation.
The lack of local effect was further con-
firmed by the administration of ibupro-
fen viathe sc route. The increased per-
meability in the upper Gl tract follow-
ing 100 mg/kg sc administration of ibu-
profen was even greater than that after
oral administration. Similarly, in the
lower Gl tract sc ibuprofen (100 or 200
mg/kg) induced higher levels of perme-
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ability than equal ord doses. The signifi-
cantly increased permeability following
sc administration might be due to amore
complete absorption of the drug. These
findings suggest that there is not a sub-
stantial local effect in the events leading
toincreased Gl permeability caused by
ibuprofen. There was no shift of increas-
ed permeability from the gastroduo-
denum to the lower intestine following
the administration of sustained release
ibuprofen. Indeed, similar to the obser-
vation made following sucrose admin-
istration, ibuprofen lysinate, ibuprofen
powder, and sustained rel ease ibuprofen
caused a comparable increased perme-
ability in the lower Gl tract. The only
minor difference between the immedi-
ate and sustained release formulations
was alonger onset of activity for the lat-
ter (Fig. 1B) which may be explained by
the delayed absorption of the sustained
release formulation. Despite significant
inter-product differences in the plasma
concentration-time curves, no magjor dif-
ference in the pattern of increased per-
meability was noticed. Hence, one does
not expect a formulation-dependent re-
|ationship between plasma concentra-
tions and the Gl effect.

In contrast to ibuprofen, it has been re-
ported that S1Cr-EDTA permeability in
humans is significantly enhanced follow-
ing the one-week administration of asus-
tained release formulation of diclofenac,
but not after aregular release formula-
tion (25). Moreover, administration to
therat of modified release formulations
of flurbiprofen (9) or tiaprofenic acid
(10) induced a significant increase in
lower Gl tract permeability and indeed
there was a shift of toxicity from the
upper to the lower Gl tract. These reports
indicate involvement of alocd effect for
diclofenac, flurbiprofen, and tiaprofenic
acid. The mechanism of ibuprofen-in-
duced Gl toxicity, however, appearsto
mainly involve a systemic effect.

In conclusion, the induced Gl toxicity
by ibuprofen was significant regardless
of the route of administration. Oral doses
were not more toxic thansc doses, indi-
cating the lack of alocal effect. Rapidly
absorbed, immediate rel ease and sus-
tained release preparations demonstrated
similar permeability patterns, indicating
no shift of toxicity to the site of drug re-
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lease and further suggesting the lack of
local toxicity. Therefore, ibuprofen’s ef-
fect on Gl permeability is mainly sys-
temic. Hence, sustained release formu-
lations of ibuprofen may offer the advan-
tages of prolonged efficacy without in-
creasing Gl toxicity. This conclusion
should not, however, be extrapolated to
other NSAIDs, e.g., flurbiprofen, tiapro-
fenic acid, and diclofenac.
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