
The efficacy of a novel adenosine agonist (WAG 994) in postoperative
dental pain

R. A. Seymour,1 J. E. Hawkesford,2 C. M. Hill,3 J. Frame4 & C. Andrews5

1Department of Restorative Dentistry, University of Newcastle upon Tyne, 2Catherine Cookson Department of Oral and Maxillofacial Surgery, Newcastle
General Hospital, Newcastle upon Tyne, 3Department of Oral and Maxillofacial Surgery, University Dental Hospital, Cardiff, 4Department of Oral
Surgery, Birmingham Dental Hospital and School, Birmingham and 5Medical Information, Processing and Statistics, Novartis Pharmaceuticals UK Ltd,
Frimley, Camberley

Aims To determine the comparative efficacy of a new novel adenosine agonist
(WAG 994) in postoperative pain after third molar surgery.
Methods One hundred and twenty-two patients with postoperative pain after third
molar surgery were randomised in a placebo double-blind trial with an active control
group. In the early postoperative period patients received either a single dose of
WAG 994 1 mg, ibuprofen 400 mg or matched placebos. Pain intensity score was
recorded on serial visual analogue scales over a 6 h investigation period. Similarly,
pain relief was completed on a 4 point categorical scale at each evaluation point.
Patients had access to escape analgesic and if these were taken, the time and dosage
were recorded. A sparse sampling technique was used to investigate the relationship
between analgesic effects and plasma concentrations of WAG 994.
Results All three treatment groups were matched for various demographic variables.
For all efficacy measures, WAG 994 was not significantly different from placebo
(P>0.05), whereas ibuprofen 400 mg was significantly superior to placebo
(P<0.001). No significant relationships (P<0.05) were found between WAG 994
pharmacokinetic variables and efficacy measures.
Conclusion WAG 994, an adenosine agonist, did not show efficacy in the
management of postoperative pain after third molar surgery. Although this pain
responds well to nonsteroidal anti-inflammatory drugs, it appears to be resistant to
compounds that interact with purinergic receptors.
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WAG 994 is a highly selective and potent agonist at
Introduction

adenosine A1 receptors. It was found to have antinocicep-
Adenosine is a naturally occurring nucleoside which, in tive effects in animal models of acute inflammatory and
addition to roles in intermediary metabolism, has wide- neuropathic pain, at doses of 30 mg kg−1 and higher.
spread and potent extracellular actions on excitable Evidence suggests that the antinociceptive effect of WAG
membranes [1]. The pharmacological effects of adenosine 994 is mediated via A1 receptors mainly in the spinal cord.
are mediated via P1-purinergic receptors, of which four Phase I studies evaluated single dose of WAG 994
subtypes, designated A1, A2A, A2B and A3 have now been from 0.1 to 5 mg. At 1 mg, the compound was well
cloned [2, 3]. Adenosine and its agonists have been tolerated. However, at doses of 2 mg and above, dose-
shown to have antinociceptive properties in animal pain dependent adverse events occurred. These included
models [4, 5–7]. Significant and long-lasting analgesic headache, dizziness, fatigue, somnolence, dyspnoea and
effects of adenosine, administered as an infusion, were chest pain. In view of these adverse events it was decided
also found in experimentally induced [8–10] and neuro- to evaluate WAG 994 at a maximum dose of 1 mg in
pathic pain in humans [11]. The antinociceptive effects clinical trials.
of adenosine were demonstrated to be mediated via Postoperative pain after removal of impacted third
adenosine A1 receptors [12]. molars is an acute inflammatory pain of short duration,

reaching its maximum intensity in the early postoperative
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especially in single dose studies. It is thus regarded as a they did not participate in the study. Matched placebos
were prepared for both medications. To ensure truewell established model to assess analgesic efficacy and

tolerability. double-blind conditions, the double-dummy technique
was used. Thus, each patient received both preparationsThe aim of the present study was to determine the

efficacy of a single oral dose of WAG 994, 1 mg in a which were swallowed with sips of water.
placebo controlled, randomised, double-blind trial in
patients with postoperative pain after removal of their

Pain assessment
impacted third molars, and to compare pain relief
obtained after WAG 994 with that obtained after The following 5 measures were used:
ibuprofen 400 mg. A secondary aim was to investigate

(a) Pain intensity was assessed on 100 mm VAS at 0, 15,
the relationship, if any, between plasma concentrations

30, 45, 60, 120, 180, 240, 300 and 360 min after
of WAG 994 and analgesic variables using a sparse

dosage. The pain intensity difference score (PIDS) at
sampling technique.

each post dosage evaluation point was calculated as
the pain intensity score at baseline minus the pain

Methods intensity score at each evaluation. The PIDS at each
evaluation was summed to give an aggregate sum of

One hundred and fifty patients who required removal of
the pain intensity difference score (SPIDS).

their impacted third molars were screened for the study.
(b) Pain relief scores were evaluated at each postdose

Informed written consent was obtained from each patient
evaluation point on a 5-point categorical scale where

prior to their entry into the study, which had received
0=none, 1=a little, 2=some, 3=a lot, 4=

ethical approval from the appropriate local health authority
complete. The pain relief scores at each evaluation

Ethical Committee. Patients enrolled into the study were
were summed to give an aggregate total pain relief

fit and healthy and complied with the criteria of the
score (TOTPARS).

American Society of Anaesthesiologist category 1 (ASA
(c) Time to achieve 50% pain relief : At each evaluation

1). All patients attended a prescreening clinic prior to
time point, patients were asked whether their baseline

their participation in the study. The prescreening was
pain was a least half gone.

held some 2–3 weeks before surgery. All patients had to
(c) Time to remedication (escape analgesia): In the event

abstain from taking any analgesics or xanthine-containing
of poor pain control, patients were allowed access to

food or beverages for 8 h prior to the study.
alternative analgesia (cocodamol). Patients requiring

Patients underwent the removal of their impacted third
remedication in the first hour were excluded from

molars under general anaesthesia. The anaesthetic regimen
the study. For those taking additional analgesics after

was standardized for each patient and included induc-
60 min, the time was recorded and their previous

tion with intravenous propofol (2–2.5 mg kg−1 body
VAS pain intensity score was extrapolated over the

weight), and muscle relaxation with pancuronium
remaining time points [15–26].

(50–100 mg kg−1 body weight) or atracurium (300–
(e) Global assessment: At the end of the 6 h investigation

600 mg kg−1 body weight). Anaesthesia was maintained
period, patients were asked to provide an overall

with enflurane, nitrous oxide and oxygen. Peri-operative
assessment of their medication on a 5-point scale.

analgesia was provided by a single dose of fentanyl
The categories were 1=very poor; 2=poor; 3=

(1 mg kg−1 body weight).
moderate; 4=good; 5=very good.

Impacted third molars were removed following a
standard technique. The operating time (from first At the end of the 6 h observation period patients were

discharged home. They were asked to complete additionalincision to completion of last suture) was recorded for
each patient. On completion of the surgical procedure, pain recordings ( pain intensity, relief and additional

analgesic consumption) at 8, 12 and 24 h postdosing.time was allowed for the patients to recover fully from
the effects of the anaesthetic. They were then returned Throughout the 6 h investigation period, a study nurse

was responsible for monitoring the patient and recordingto the ward where they were monitored by the study
nurse and their pain intensity assessed on 100 mm visual any adverse events.
analogue scales (VAS). The boundaries of the scale were
marked ‘no pain’ and ‘worst pain imaginable’. When

Blood sampling
patients pain intensity reached a level >30 mm on the
VAS (equivalent to moderate pain) they were entered Just prior to dosage, an indwelling catheter was placed in a

convenient forearm vein, and a 5 ml venous blood sampleinto the study and randomised to receive either single
doses of ibuprofen 400 mg, WAG 994 1 mg or placebo. was withdrawn at 0, 0.5, 1, and 2 h after dosing. The blood

samples were placed in lithium-heparin tubes kept in ice.If patients did not reach this level of pain within 1 h,
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Plasma was separated by centrifugation and stored at sufficient level of baseline pain in the immediate post-
operative period. The remaining 122 patients were−20° C before analysis in duplicate for WAG 994.
medicated and their demographic details, together with
the operating times and mean baseline pain scores are

Analysis
shown in Table 1; it can be seen that the treatment groups
were well balanced with no significant differences betweenEfficacy analyses were carried out on all randomised

subjects who received medication, provided baseline pain the groups. There was no significant differences between
groups (P>0.05) for all the parameters listed in Table 1.measurements and had at least one postdose assessment

of efficacy. The primary comparison of interest was Efficacy variables for SPIDS, TOTPARS, numbers of
patients indicating a 50% reduction in their pain, anddefined as WAG 994 vs placebo. Therefore adjustment

of a-level for pair wise comparisons was not required. details of escape medication are shown in Table 2. On
all of the measures, WAG 994 showed no difference inAll hypothesis tests were two-tailed with a=0.05.

The following information was available for each efficacy from placebo (P>0.05). By contrast, ibuprofen
was significantly superior to the placebo and WAG 994.patient.

PIDS/SPIDS: treatment comparisons for PIDS at each Patients overall tolerability of their medication is
reported in Table 3. The distribution of scores shows thattime point were analysed by analysis of covariance

(ANOCOVA), with the baseline pain severity score as a there was no significant difference (P>0.05) between
the three treatment groups.covariate and treatment group, sex and centre as factors.

All pairwise comparisons were based on Student’s t-test The plasma concentrations of WAG 994 after the 1 mg
dose, together with other pharmacokinetic variables, areusing the pooled error term from the model. The PIDS

at each evaluation were summed to give an aggregate shown in Table 4. There was no significant relationship
between any of these measures and the efficacy variables.SPIDS using appropriate weights according to the time

interval between successive evaluations (e.g. the ratings There were no serious adverse events, and most of the
adverse events recorded in this study were directly relatedat 15, 30, 45 and 60 min were given a weight of 0.25

and hourly evaluations were given a weight of 1). SPIDS to the surgical procedure and anaesthetic agents.
were also analysed by ANOCOVA.

PARS at each evaluation were summed to give
Discussion

TOTPARS in the same manner. Although pain relief
scores (analgesia) represent ordinal rather than interval The findings from this study have shown unequivocally

that 1 mg WAG 994, an adenosine agonist, has poordata, parametric procedures have proved to be an
adequate approach in analgesic studies [27]. PARS and analgesic properties in postoperative pain after third molar

surgery. The results have also confirmed the establishedTOTPARS were also analysed using the same method as
for PIDS & SPIDS. efficacy of ibuprofen in this pain model. The lack of

efficacy of the adenosine agonist may be due to anProportion of patients showing at least 50% relief :
treatment comparisons were analysed using linear logistic inappropriate dose or limited involvement of A1 receptors

in the pathogenesis of nociception after this type ofregression with baseline pain intensity score as a covariate
and centre, sex and treatment as blocking factors. surgery. Increasing the dose of WAG 994 is not an

option in this pain model since at doses >1 mg there isThe proportion of subjects taking escape medication
was again analysed using logistic regression analysis. The a significant increase in the incidence of unwanted effects.

The efficacy of adenosine in certain pain conditionstime to re-medication with escape analgesic was analysed
using the Cox proportional hazard logistic model with seems to be attributable to low doses of the compound

(50–80 mg kg−1 min−1) given by infusion [6, 17]. Twobaseline pain score, sex and centre included in the model
[16]. If no escape medication was taken during the 24 h, further small studies have confirmed that low dose

adenosine infusions are of value in the control ofthen the time to re-medication was recorded as 24.
Pairwise comparisons between treatment groups for neuropathic pain [11, 18]. Similarly, in experimental

pain, adenosine infusions provided a modest, but selectivepatients overall assessment of their medication were
determined using Wilcoxon’s rank sum test, and the increase of cutaneous heat pain threshold [19] and reduced

experimentally induced ischaemic muscle pain [9]. It isnumber of patients taking escape medication using Fisher’s
Exact Test. suggested that adenosine reduces c-fibre transmission and

low doses appear to be selective for prejunctional
modulation of nociceptive transmission. Such transmission

Results
involves the A1 subclass of the P1 purinoceptors [20].

By contrast, higher doses of adenosine induce painOne hundred and fifty patients were screened for the study
and 127 underwent surgery. Five patients failed to reach a when injected intravascularly and can stimulate the pain
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Table 1 Demographic details of patients
who participated in the study [where
appropriate results are expressed as means
and standard deviations (s.d.)].

WAG 994 Ibuprofen
Variable 1 mg 400 mg Placebo

Number of patients 42 41 39
Sex ratio M5F 15527 13528 12527
Mean age (years) 27.1 24.5 26.4
(s.d.) (6.7) (4.6) (5.8)
Mean operating time (min) 21.6 21.8 21
(s.d.) (9.7) (8.7) (8.3)
Mean baseline pain scores (mm) 54.4 56.7 53.6
(s.d.) (17.3) (14.8) (14.7)

Table 2 Efficacy parameters recorded in the investigation. Results are expressed as means (s.d.), with differences showing 95%
confidence intervals.

WAG 994 Ibuprofen P values
Variable 1 mg 400 mg Placebo WAG vs placebo Ibuprofen vs placebo WAG vs ibuprofen

SPIDS (mm h) 51.8 151.5 34.3 0.57 0.0001 0.0006
(0–6 h) (108.4) (155.2) (110.7) 95% CI (−31,66) (57, 177–5) (−158, −41.3)
SPIDS (mm h) 215.5 625.9 128 0.5 0.0001 0.001
(0–12 h) (462.7) (661) (465) 95% CI (−118,293) (242,753) (−659, −162)
TOTPARS 7.4 10.4 5.1 0.092 0.0001 0.022
(0–6 h) (5.62) (7.43) (4.5) 95% CI 0.04,4.56) (2.5,8.05) (−5.87,0.13)
TOTPARS 29.7 40.2 19.4 0.08 0.0004 0.054
(0–24 h) (24.4) (31.5) (19.4) 95% CI (0.5,20.1) (9.08,32.52) (−22.8,1.8)
Time (h) to first 2.41 5.19 2.04 0.057 0.0001 0.006

remedication (1.93) (4.63) (1.13) 95% CI (−0.34,1.08) (1.63,4.67) (−4.32,−1.24)
Number of patients taking 39/42 23/41 39/39 0.24 0.0001 0.0005

escape analgesic 95% CI (−7.4,25.1) (25.4,63.7) (−56.4,15.4)
in first 6 h

Duration of 50% 1.56 5.28 0.63 0.82 0.0001 0.0007
pain relief (h) (4.07) (6.68) (0.93) 95% CI (−0.4,2.26) (2.5,6.8) (− 6.3,1.31)

Table 4 Pharmacokinetic parameters assessed from a randomTable 3 Patients’ overall global assessment of their medication.
sampling technique following administration of WAG 994 1 mg.
Results are expressed as means±s.d.WAG 994 Ibuprofen

Score 1 mg 400 mg Placebo
Plasma concentrations of
WAG 994 (pg ml−1)Very poor (1) 1 0 1

Poor (2) 0 0 0 0.5 h 566.7±862.8
1h 703.3±761.2Moderate (3) 4 5 2

Good (4) 17 14 13 2h 928.4±642.8
Cmax (pg ml−1) 1302±856.2Very good (5) 20 22 22
AUC(0,2h) ( pg ml−1 h) 2196.3±1293

of angina and peptic ulceration [21–23]. Adenosine can
also produce cutaneous pain when applied to blister base Thus, the role of adenosine in nociception and pain

expression is equivocal and appears to be related to dosepreparations [24] and when injected intradermally [25].
This study also showed that the local infiltration of and the activation of the various purinergic receptors.

Our findings that 1 mg of an orally administeredadenosine produced hyperalgesia to mechanical and heat
stimuli at the injection site. Adenosine-induced pain and adenosine agonist was no better than placebo in the

control of postoperative pain after third molar surgeryhyperalgesia was blocked by bamiphylline, an adenosine
antagonist. This suggests that algogenic properties of may also suggest that the various purinergic receptors

have little or no role in the pathogenesis of this type ofadenosine in cutaneous tissue are mediated by the A1

receptor. pain. Postoperative dental pain is an acute inflammatory
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