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ABSTRACT

While non-steroidal anti-inflammatory
drugs (NSAIDs) are the mainstay of
therapy for the management of acute
pain and rheumatoid arthritis, toxicity
associated with chronic administration
limits their benefit-to-risk relationship
in many patients.

A series of studies is reviewed that
assesses the relationship between cyto-
kines released at the site of tissue
injury and NSAID analgesia, and the
in vivo selectivity of a selective cyclo-
oxygenase (COX)-2 inhibitor (cele-
coxib) in comparison to a dual COX-
1/COX-2 inhibitor (ketorolac). Three
replicate studies in the oral surgery
model of acute pain used submucosal
microdialysis sample collection for the
measurement of prostaglandin E,
(PGE,; a product of both COX-1 and
COX-2) and thromboxane B, (as a
biomarker for COX-1 activity) with
parallel assessments of pain.

The time course of PGE, production
was consistent with early release due
to COX-1 activity followed by increas-
ed production 2-3 hours after surgery,
consistent with COX-2 expression.
Ketorolac 30 mg at pain onset sup-
pressed both pain and peripheral
PGE, levels. Ketorolac 1 mg either at
the site of injury or intramuscularly
also produced analgesia but without
any effect on peripheral PGE2 levels.
Celecoxib selectively suppressed PGE,
but not TxB, at time points consistent
with COX-2 activity, while producing
analgesia.

These studies demonstrate the ability
to assess the time course and selective
effects of COX-2 inhibitors in vivo and
suggest that suppression of COX-2
mediated PGE, is temporally related to
NSAID analgesia.

Introduction

Pain not only signals tissue injury but
also acts as an impediment to most cli-
nical procedures, delays the resump-
tion of normal activities after surgical
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procedures and may contribute to the
development of plastic changes within
the central nervous system that con-
tribute to pain chronicity. Acute post-
operative pain control is often inade-
quate either because of insufficient
relief of pain or unacceptable side ef-
fects. Side effects such as drowsiness,
nausea and vomiting from opioids oc-
cur more often in ambulatory patients
than in non-ambulatory hospitalized
patients. In addition, inadequate pain
control during the immediate postoper-
ative period may contribute to the
development of hyperalgesia (1), lead-
ing to greater pain later during recov-
ery. These considerations indicate that
optimal analgesic therapy should be
efficacious, with a minimal incidence
of side effects and, ideally, should
lessen the prospects for development
of chronic pain.

Nonsteroidal anti-inflammatory drugs
(NSAIDs) are the mainstay of therapy
for the management of acute pain and
rheumatoid arthritis. They have also
been evaluated for a wide variety of
chronic pain conditions and to mini-
mize inflammation after surgery. Gas-
trointestinal toxicity associated with
chronic NSAID administration is well
documented and is estimated to result
in more than 100,000 hospitalizations
and 16,000 deaths per year in the US
alone (2), suggesting the need to weigh
carefully the benefit-to-risk relation-
ship for each therapeutic indication.
The new generation of selective cyclo-
oxygenase (COX)-2 inhibitors promis-
es to achieve the therapeutic effects of
traditional NSAIDs without the toxic
gastrointestinal effects associated with
traditional dual COX-1/COX-2 inhibi-
tors (3, 4). Their renal safety and possi-
ble interactions with adjuvant thera-
pies, such as low-dose aspirin, needs to
be further elucidated (5).

Knowledge of the clinical pharmacolo-
gy of NSAID drugs is largely based on
studies performed in the oral surgery
model (6). Ibuprofen, the prototype of



the NSAID class, has demonstrated an-
algesic activity over a dose range from
200 to 800 mg with a duration of activ-
ity of 4-6 hours (7). Given before pain
onset, it suppresses the onset of pain
and lessens its severity (8, 9). Ibuprofen
suppresses swelling over the initial 2-3
day postoperative course, when edema
associated with the inflammatory pro-
cess is most prominent. Interactions
with the release of 3-endorphin have
been demonstrated both intraoperative-
ly during surgical stress and during
postoperative pain, suggesting that
NSAIDs can modify the neurohumoral
responses to pain (10, 11). The wealth
of data from clinical trials using
NSAIDs (12) supports these general-
izations and makes NSAIDs one of the
most well-studied drug classes for
acute inflammatory pain in ambulatory
patients.

Role of COX in acute pain

Acute pain and the inflammatory pro-
cess are modulated in response to tissue
injury by locally released mediators
acting synergistically to produce plas-
ma extravasation and sensitization of
peripheral nociceptors. Inflammatory
mediators also act locally to sensitize
peripheral nerve endings, resulting in
hyperalgesia. The essential role of pro-
staglandins (PG) derived from COX
during acute inflammation is supported
by elevated PG levels and hyperalgesia
in carrageenan-inflamed rat paws, both
of which are rapidly reversed by dosing
with ketorolac, the COX-2 selective in-
hibitor celecoxib, and within 2-3 hours
after administration of an antibody
against prostaglandin E, (PGE,) (13).
These data suggest that maintenance of
a hyperalgesic state after tissue injury
requires continuous production of PGE,

by COX-2. The complex biochemical

interactions of short-lived inflammato-
ry mediators after tissue injury, com-
bined with the neural release of sub-
stance P and the process of plasma
extravasation, result in a positive feed-
back loop continually refueling the
inflammatory process. The continued
synthesis or release of these mediators
explains the prolonged duration of
inflammation, which far exceeds the
initial stimulation.
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Tissue injury and ischemia act on vas-
cular endothelium to release arachidon-
ic acid from phospholipid stores which
are acted upon by COX and other en-
zymes of the prostanoid pathway, re-
sulting in the local formation of one or
two major products, depencding on the
enzymes that are constitutively present.
PGE, is the predominant eicosanoid
released from endothelial cells of small
blood vessels (14), producing vasodi-
latation (15) and hyperalgesia (16).
Thromboxane A, (TxA,) is the predom-
inant eicosanoid product of platelets
(17) - producing platelet aggregation
(18) and vasoconstriction (18) - and of
monocytes, which participate in the
cellular response to inflammation.

Oral surgery as a model for
evaluating COX-2 inhibitors in vivo
Third molar extraction is a useful and
reproducible model for acute pain,
widely used in analgesic research.
Adapting microdialysis to the oral sur-
gery model of acute pain has facilitated
examination of the relationship be-
tween inflammatory mediators and
clinical pain. The use of microdialysis
in a well-characterized model of acute
pain and inflammation permits concur-
rent assessment of analgesic activity,
surrogate endpoints for COX-1 and
COX-2 activity, and other measures of
inflammation, such as edema. The
experimental design and postoperative
observations can be controlled up to 48
hours so that the development of hyper-
algesia later, investigational strategies
for preventive analgesia and the side
effect liabilities of multiple doses can
also be assessed. Bilateral extractions
permit measurement of more than one
inflammatory mediator in the same
patient. Crossover designs can be used
to minimize the influence of compar-
isons between groups and to enhance
assay sensitivity.

Hargreaves and colleagues demonstrat-
ed the presence of bradykinin in per-
fusate collected by microdialysis after
third molar extraction and its suppres-
sion by both glucocorticoids (19) and
the NSAID flurbiprofen (20). More
recently, they have reported that pre-
treatment with flurbiprofen suppresses
PG levels in comparison to placebo
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with concomitant pain suppression
(21). Although these studies have shown
suppression of synthesis of inflamma-
tory mediators when given before tis-
sue injury, the dynamic relationship
between prostanoid release and the
development of acute pain and subse-
quent suppression of inflammatory
mediators in relation to clinical analge-
sia has not been described.

The oral surgery model with submucos-
ally implanted microdialysis probes
was used to evaluate the in vivo selec-
tivity of COX-2 inhibitors. A series of
three studies evaluated the time course
of the peripheral release of the inflam-
matory mediators, PGE, and TxA,,
their temporal relationship to clinical
pain and NSAID analgesia, and the in
vivo selectivity of the selective COX-2
inhibitor celecoxib. PGE, levels are
interpreted as indicative of both consti-
tutive COX-1 and inducible COX-2
activity. Thromboxane B, (TxB,) 1s
measured as a stable marker for TxA,
produced by COX-1.

Synopsis of experimental design

and methods

Subjects were dental outpatients under-
going the surgical removal of impacted
mandibular third molars with intra-
venous midazolam and 2% lidocaine
(with epinephrine 1:100,000). After
each extraction, we placed a microdial-
ysis along the buccal aspect of the
mandible, beneath the mucogfngival
flap that is elevated for the surgical pro-
cedure. We secured the probe and
polyethylene tubing (PE 50) to an adja-
cent tooth and closed the flap in the
usual fashion. Sterile lactated Ringer’s
solution was pumped at 10 pL per
minute and samples collected at 15-30
minute intervals after completion of
surgery but before pain onset. At the
end of each sample collection interval,
patients provided pain ratings using a
100 mm visual analog scale and a four-
point category scale; they also reported
signs of inferior alveolar nerve anesthe-
sia (“numb”, “tingling” or “normal”)
and any adverse effects.

In the first study (22), a single impacted
third molar was removed and samples
collected every 30 minutes with con-
current reports of pain and anesthesia
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Time pre-drug (min)

1-ANOVA: F=12.2, p<0.01

Fig. 1. Time course of immunoreactive prostaglandin E, (i.r. PGE,) collected
by microdialysis at the surgical site from the end of surgery to the onset of
postoperative pain with local anesthetic offset (time 0).

surgery.

T

I L] 1
60 120 180 240

Time post-operative (min)

Fig. 2. Time course of immunoreactive thromboxane B, collected by
microdialysis at the surgical site over the first 240 min following oral

of the inferior alveolar nerve. At the re-
port of moderate pain, usually consis-
tent with loss of the subjective signs of
anesthesia, subjects received one of the
four interventions by intramuscular or
submucosal administration and re-
mained in the clinic for an additional
180 minutes for continued sample col-
lection and pain assessment every 15
minutes.

In the second study (23), both lower
third molars were removed and micro-
dialysis probes placed bilaterally; sam-
ples were collected every 20 minutes
with concurrent monitoring for the loss
of anesthesia and the onset of postop-
erative pain. Dexamethasone or place-
bo was administered 12 hours and 1
hour before surgery with postoperative
intravenous administration of ketoro-
lac at the onset of moderate pain. We
collected microdialysis samples for an
additional 180 minutes at 15 minute
intervals with concurrent pain scales at
5, 10, 15, 20, 25 and 30 minutes and
every 15 minutes thereafter.

The third study (24) evaluated the in
vivo selectivity of a selective COX-2
inhibitor in subjects administered with
either celecoxib 200 mg, ibuprofen 600
mg or placebo 8 hours before surgery
and a second dose 1 hour before sur-
gery. Samples were collected in vials
that were changed every 20 minutes,
with concurrent measurement of pain
for up to 4 hours postoperatively.

Time course of prostanoid levels
after tissue injury

PGE, was detectable in the initial post-
operative samples, decreased in sam-
ples collected over the next hour and
then significantly increased over time
coincident with pain report (Fig. 1).
TxB, was also detectable in the initial
samples collected after surgery in the
placebo group but did not change over
time or with the onset of postoperative
pain (Fig. 2). The time course of PGE,
and TxB, observed following tissue in-
jury is suggestive of COX-1 activity
immediately after injury, with addi-
tional PGE, production due to induc-
tion of COX-2 coincident with pain
onset.

Effect of ketorolac on pain and

PGE2 levels at the site of injury

Intramuscular administration of keto-
rolac 30 mg resulted in a significant
analgesic effect by the first observation
15 minutes afterwards; this reached
near-maximum levels by 60 minutes.
PGE, levels in the microdialysate de-
creased more gradually, reaching sig-
nificantly lower levels in the ketorolac
group in comparison to placebo by 60
minutes (Fig. 3). Administration of
ketorolac 1 mg, both at the extraction
site or intramuscularly, resulted in a
slower onset of action than intramus-
cular ketorolac 30 mg, but produced
significant pain relief in comparison to
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placebo by the 45 and 60 minute obser-
vations. Parallel assessment of PGE,
levels in the dialysate did not demon-
strate any changes from the initial sam-
ple at pain onset over the 60 minutes
after drug administration. These data
show that administration of the dual
COX-1/COX-2 inhibitor ketorolac at a
therapeutic dose results in analgesia
and reduces peripheral PGE, levels at
the site of injury. Administration of
low-dose ketorolac results in analgesia
without effects on peripheral levels of
PGE, or TxB,, suggestive of an action
at another site. These observations in a
sensitive clinical model of acute pain
are supportive of both a peripheral and
a central site of NSAID analgesia.

Effect of dexamethasone pretreatment
on pain and prostanoid levels

Administration of dexamethasone 12
hours and 1 hour before surgery does
not attenuate the time to onset of post-
operative pain in comparison to place-
bo pretreatment or its severity when
patients request postoperative medica-
tion as the local anesthetic dissipates.
PGE, levels in the microdialysate were
comparable between dexamethasone
pretreatment and placebo over the first
60 minutes from the end of surgery, but
were significantly lower in the dexam-
ethasone pretreatment group over the
last 3 observations coincident with
pain onset (Fig. 4, upper panel). TxB,
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Placebo

Fig. 3. Comparison of the
(a) analgesic effect and (b)
levels of immunoreactive
prostaglandin E, (i.r. PGE,)
levels collected by micro-
dialysis at the surgical site.
The analgesic effect was
detected at 15 min post-
drug but did not result in
detectable changes in peri-

Ketorolac
30 mg M

(a) 60 - (b) 6 -
Placebo
50 -
e 51
)
40 A ]
~ 8
) o J
< 5 4
< 30 A »
£ -)
o E
[« 8 a 3 4
£
20 - Ketorolac =
30 mg IM o
e 5
10 A
0 T 1] T ¥ 1 1 1 4 ] T 1
0 15 30 45 60 0 15 30 45 60

Time post-drug (min)

* P < 0.05 vs. Placebo

Time post-drug (min)

pheral PGE, levels until the
sample collected from 45 to
60 min. *p < 0.05 vs place-
bo.

levels, by contrast, were significantly
suppressed in all samples collected
from the end of surgery to pain onset
(Fig. 4, lower panel). The failure of
dexamethasone to suppress PGE, lev-
els at the early time points, presumably
regulated by COX-1 activity and sup-
pression of PGE, levels at later time
points, is consistent with in vitro COX-
2 selectivity in some tissues. Suppres-
sion of TxB, as a surrogate endpoint
for COX-1 activity, at all time points, is
inconsistent with this hypothesis.

Subjects randomly received either
intravenous ketorolac 30 mg or place-
bo at pain onset based on the factorial
design to result in four sub-groups:
dexamethasone preoperatively, ketoro-
lac at pain onset, both dexamethasone
preoperatively and ketorolac at pain
onset, or placebo. Ketorolac resulted in
a significant, near-maximal analgesia

over time with mean levels by 60 min-
utes post-drug, equivalent to “slight”
pain on the category scale. No additive
analgesic effect was detectable for the
combination of dexamethasone and
ketorolac in comparison to ketorolac
alone. In addition, dexamethasone pre-
treatment did not have any effect on
pain reported after the loss of anesthe-
sia in comparison to placebo. PGE,
levels in the microdialysate were sig-
nificantly decreased from levels at pain
onset by ketorolac in comparison to
placebo over the first 60 minutes post-
drug, and eventually also decreased in
the placebo groups after 60 minutes as
patients requested rescue analgesic.
Thromboxane levels were also de-
creased at the extraction site over the
first 60 minutes by ketorolac in com-
parison to placebo, and decreased
eventually in the placebo groups after

60 minutes and administration of res-
cue analgesic. The effects of ketorolac
on both PGE, and TxB, levels are con-
sistent with its dual COX-1/COX-2
inhibitory effects but do not rule out
additional effects at other sites in the
central nervous system.

Selectivity in vivo of the COX-2
inhibitor celecoxib

Both celecoxib and ibuprofen had a sig-
nificant analgesic effect compared with
placebo. Pain intensity in the placebo
group, as measured by both category
and visual analog scale, increased to
reach a mean value equivalent to “mod-
erate” about 160 minutes after surgery.
Analysis of the area under the curve
revealed that the time-action and peak
analgesic effect of celecoxib was about
half that of ibuprofen. Administration
of ibuprofen suppressed PGE, levels
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Figure 5. Comparison of
(a) immunoreactive prosta-
glandin E, (i.r. PGE,) levels
and (b) immunoreactive
thromboxane B, levels col-
lected by microdialysis at the
surgical site following the
loss of local anesthesia at a
mean time of 150 min post-
surgery. Ibuprofen resulted
in a significant suppression
of both cytokines over this
time course, while celecoxib
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consistently. Administration of cele-
coxib suppressed PGE, levels at later
time points but had no effect on PGE,
levels at the earlier time points (Fig. 5).
Administration of ibuprofen consistent-
ly suppressed TxB, after surgery. The
effect of celecoxib on TxB, levels did
not differ from placebo (Fig. 5). These
results indicate that celecoxib has a
COX-1 sparing effect in vivo and sug-
gest that in vitro and ex vivo analyses
are reliable predictors of in vivo selec-
tivity (see Patrono and FitzGerald, this
volume).

Selective COX-2 inhibitors

Single doses of celecoxib have been
shown in the oral surgery model of
acute pain to be superior to placebo (at
all doses reported in published ab-
stracts) comparable to aspirin 650 mg
but generally less effective than stan-
dard doses of naproxen (25). In multi-
ple-dose studies conducted in patients
after orthopedic and general surgery,
celecoxib’s analgesic efficacy is incon-
clusive. As celecoxib failed to satisfy
the criterion of demonstrating anal-
gesic efficacy in at least two different
pain models, it did not receive approval
in the USA for the management of
acute pain. Celecoxib is more effective
than placebo for the treatment of osteo-
arthritis and was approved and market-
ed for that indication.

Rofecoxib appears to have greater
analgesic efficacy than celecoxib based
on the results of studies in the oral sur-
gery model and patients with painful
dysmenorrhea (26-29). Rofecoxib was

compared with ibuprofen 400 mg and
placebo in a single-dose study in the
oral surgery model of acute pain using
traditional analgesic endpoints as well
as the two-stopwatch method for esti-
mating analgesic onset. The total pain
relief and sum of the pain intensity dif-
ference score over 8 hours after a sin-
gle dose of rofecoxib 50 mg was supe-
rior to placebo but not distinguishable
from ibuprofen 400 mg (26), arguably
the maximal ibuprofen dose for acute
pain. The median time to onset of pain
relief was indistinguishable for rofe-
coxib (0.7 hours) and ibuprofen (0.8
hours), but significantly fewer subjects
in the rofecoxib group needed addi-
tional analgesic within 24 hours of the
study drug than in the placebo or ibu-
profen groups. In a second study com-
paring rofecoxib in doses of 12.5, 25
and 50 mg with naproxen 550 mg and
placebo, a clear dose-response rela-
tionship was demonstrated for analge-
sia (27). The 25 and 50 mg doses of
rofecoxib were numerically superior
but statistically indistinguishable from
naproxen for both pain relief and pain
intensity difference. In both studies,
the incidence of clinical and laboratory
adverse experiences was similar.

Rofecoxib’s analgesic efficacy was al-
so evaluated in replicate studies for pri-
mary dysmenorrhea, generally accep-
ted as a sensitive model of acute pain.
Subjects with a self-reported history of
moderate to severe dysmenorrhea re-
ceived rofecoxib 50 mg, naproxen 550
mg or placebo in a crossover study
over three menstrual cycles (28). Both
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rofecoxib and naproxen produced
greater analgesia over 8 hours as asses-
sed by pain relief and pain intensity
difference scores, time to onset of pain
relief and the percentage of patients
needing more analgesia over the first
12 hours. In a similar study, rofecoxib
25 and 50 mg and naproxen 550 mg
were superior to placebo but indistin-
guishable from each other on all mea-
sures of efficacy (29). In both dysmen-
orrhea studies, the incidence of clinical
and laboratory experiences was report-
ed as similar across groups.

The published data for rofecoxib pro-
vide clear evidence of an acute anal-
gesic effect in replicate studies in two
models of acute pain and selectivity for
COX-2 inhibition. The drug is well
tolerated following single doses and
does not appear to inhibit COX-1 me-
diated platelet aggregation. These data
provided a basis for approval of rofe-
coxib as the first selective COX-2 inhi-
bitor indicated in the USA for the man-
agement of acute pain (up to a maxi-
mum of 5 days) as well as for the treat-
ment of osteoarthritis. The analgesic
activity of rofecoxib 50 mg should be
comparable to that of ibuprofen 400
mg; the expected gastrointestinal toxi-
city is predicted to be less than dual
COX-1/COX-2 inhibitors such as ibu-
profen. Rofecoxib’s effects on the kid-
ney with widespread administration
are yet to be determined.

Pre-emptive COX-2 to suppress
postoperative pain
Most studies in which an NSAID is



given orally after pain onset demon-
strate activity within 30 minutes and
peak analgesic activity at 2-3 hours. An
early attempt to optimize ibuprofen
analgesia immediately after surgery
following local anesthesia offset in-
volved giving the drug before oral
surgery. That allowed enough time for
drug absorption during surgery and the
1-2 hour duration of standard local
anesthetics postoperatively. Preopera-
tive ibuprofen 400 mg was shown to
increase the time to the first postopera-
tive dose of analgesic by about 2 hours
in comparison to placebo before treat-
ment (8). A subsequent study showed
that preoperative ibuprofen 800 mg sig-
nificantly lowered pain intensity over
the first 3 hours postoperatively as the
residual effects of the local anesthetic
dissipated (9). A second dose of ibupro-
fen 4 hours after the initial dose extend-
ed this preventive analgesic effect,
resulting in less pain than placebo,
acetaminophen (given both pre- and
postoperatively) or acetaminophen plus
60 mg codeine (given postoperatively).
The ability to suppress the onset and
lower the intensity of postoperative
pain for up to 8 hours is replicable (30-
32) and extends to the use of other
NSAIDs, such as flurbiprofen (33).

Compared with placebo, ibuprofen
both before and immediately after peri-
odontal surgery significantly delayed
pain onset (34). A similar study in the
oral surgery model using naproxen did
not differentiate between pre- and post-
operative administration (35), suggest-
ing that preoperative administration is
not essential for suppressing pain onset.
Recognition of the induction of COX-2
in the postoperative period suggests
that blockade of the formation of pro-
stanoids released during surgery by
constitutive COX-1 is less important
than suppression of COX-2 and prosta-
noid release during the postoperative
period. This is supported by the data
shown in Figure 1, where PGE2 levels
(presumably mediated by constitutive
COX-1) are detectable in the first im-
mediate postoperative sample (see also
Fig. 4, upper panel), subsequently de-
crease over the first 60 minutes postop-
eratively and then start to increase over
the next 60-120 minutes coincident
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with COX-2 induction and the onset of
pain (22). These observations support
the administration of NSAIDs before
the induction of COX-2 and subsequent
release of prostanoids as a preventive
analgesic strategy for suppressing pain
in the immediate postoperative period
as well as for inhibiting peripheral and
central sensitization leading to hyperal-
gesia.

Central versus peripheral analgesic
action

The analgesic effects of ketorolac 1 mg
administered directly into the extrac-
tion site or intramuscularly without
altering peripheral PGE, levels is sug-
gestive of analgesic activity at a site
other than in the periphery — presum-
ably the central nervous system. The
peripheral effects of NSAIDs have also
been evaluated by administration of
ketoprofen locally into the site of injury
as a strategy for reducing systemic ex-
posure to NSAIDs. A gel formulation
was placed directly into the extraction
site 1 hour after oral surgery and pain
intensity was evaluated for 6 hours.
There was significantly less pain than
with placebo after peripheral adminis-
tration of ketoprofen 10 and 30 mg.
Peripheral administration of the 10 mg
dose also resulted in greater analgesia
than the same dose given orally or pla-
cebo (36). These data indicate that ad-
ministration of an NSAID to a periph-
eral site of tissue injury results in a
greater analgesia than oral administra-
tion and suggest potential for less drug
toxicity through lower circulating drug
levels.

An open-label comparison of ketorolac
10 mg administered orally or injected
in the buccal vestibule of an endodonti-
cally treated tooth failed to differentiate
between the two formulations. The lack
of a placebo group, however, limits
interpretation of therapeutic equivalen-
cy (37). Another study also evaluated
the local administration of injectable
ketorolac in 52 endodontic emergency
patients after pulpotomy. Maxillary or
mandibular infiltration of ketorolac 30
mg produced significant analgesic
effects (38). An interesting observation
was the demonstration of analgesic
effects for the mandibular infiltration,
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contrary to the poor efficacy usually
reported for local anesthetic infiltration
in the mandible. It also appears that the
presence of inflammation did not hin-
der the analgesic effect of ketorolac
infiltration and injection of ketorolac
did not result in any tissue irritation.
These data, albeit from a limited num-
ber of studies, are supportive of direct
NSAID actions when administered into
a site of injury and may lower the
potential for systemic toxicity by low-
ering circulating drug levels associated
with traditional routes of administra-
tion.

Pain relief versus anti-inflammatory
actions

The acute postoperative sequelae of
surgical procedures include other signs
of inflammation due to tissue injury,
edema being the most prominent.
While synthetic analogs of endogenous
corticosteroids are used extensively to
control the sequelae of both acute and
chronic inflammation, their use postop-
eratively is tempered by their ability to
suppress the immune system, thereby
increasing the risk of infection. NSAIDs
have a more selective mechanism of
action than glucocorticoids and a more
favorable side-effect profile, suggesting
that drugs of this class may inhibit
inflammation without the risks of corti-
costeroid administration. Ibuprofen 400
mg three times daily for 3 days pro-
duced a trend for reduced swelling in
comparison to placebo (39). Ibuprofen
600 mg four times daily for 2 days also
showed a trend towards suppressed
edema formation at 48 hours after oral
surgery (32). A retrospective analysis
of the data from two studies performed
in series, evaluating the effects of two
NSAIDs (ibuprofen and flurbiprofen),
indicated that NSAIDs significantly
suppress edema formation following
oral surgery in comparison to placebo
(32). A more recent study concluded
that the combination of ibuprofen 400
mg three times daily and methylpred-
nisolone 32 mg (given 12 hours before
and after surgery) reduced swelling
50% more than placebo (40). The lack
of separate groups receiving either
ibuprofen alone or methylprednisolone
does not permit any conclusion about



the reported contribution of ibuprofen
to the total effect on swelling.

While somewhat inconclusive, the
observations from the two studies in
which an NSAID was given alone
demonstrated less swelling than with
placebo; side effects were minimal and
there was no evidence of interference
with healing or perioperative bleeding.

Tolerance to NSAID analgesia

Both clinical and animal studies sug-
gest that tolerance to NSAIDs can de-
velop with repeated administration.
The mean reduction in chronic lower
back pain intensity after an initial dose
of ibuprofen 1200 mg was 23% (41).
After 2 weeks of ibuprofen 2400 mg
daily or placebo, the mean reduction in
pain intensity for the last dose was four
times lower in the drug group. The ini-
tial low level of response (23%) sug-
gests that low back pain is not particu-
larly sensitive to ibuprofen - this may
partly explain the poor response seen
for chronic musculoskeletal pain in the
orofacial area. The development of tol-
erance over 2 weeks would suggest a
similar process for chronic orofacial
pain, which could make the analgesic
response negligible by the end of 4
weeks. Tolerance to diflunisal with re-
peated administration has been demon-
strated in animals without a reduction
in the amount of drug in the blood over
time after the first dose in comparison
to a dose given after 3 days of diflu-
nisal (42). That suggests a functional
change in the pharmacological re-
sponse rather than enhanced pharma-
cokinetic disposition: the same amount
of drug elicits less analgesia. This hy-
pothesis could be evaluated in the oral
surgery model using microdialysis, by
comparing the acute effects of an
NSAID administered perioperatively
to groups of subjects chronically ad-
ministered the drug before surgery
with a placebo group. Concurrent mea-
surements of prostanoid levels, analge-
sia and drug levels (collected in the
microdialysate) would permit compari-
son of the acute analgesic effects
across groups with changes in the sur-
rogate markers for COX-2 activity.
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