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Abstract: A pharmacokinetic/pharmacodynamic, randomized, crossover, placebo-controlled study was
conducted in healthy human volunteers with the primary objective of exploring the existence of a positive
interaction between paracetamol 1 g and ketorolac 20 mg intravenously on experimental pain models. Further,
the simplified UVB model was validated as a screening tool for analgesics or a combination of analgesics in
clinical drug development. It was observed that the UVB irradiation induced primary hyperalgesia, evidenced
by significant decreases of the heat pain threshold from (mean ± SD) 46.9 ± 1.1 °C to 40.1 ± 1.7 °C (p<0.001)
and of the mechanical pain threshold (62% decrease). A small intra- and inter-individual variability was observed
as well as consistent intra-day stability for the heat pain threshold. The UVB irradiation also resulted in the
development of an area of secondary hyperalgesia of 21.3 ± 11.3 cm2. The mechanical pain threshold and area
of secondary hyperalgesia showed small intra-individual variability and consistent intra-day stability. However, a
greater variability was observed between subjects, which suggests that a crossover design would allow limiting
the number of subjects.
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1. Introduction

Paracetamol is often combined with
nonsteroidal anti-inflammatory drugs
(NSAIDs) in the management of acute
pain.[1–3]The rationale underlying the prac-
tice of combining drugs for pain manage-
ment is mainly based on the consideration
that combining drugs that act at different
receptors andondifferent painmechanisms
might enhance pain relief. Paracetamol
acts mainly on the brain and spinal cord;
nevertheless, the exact mechanism of ac-
tion has not been fully elucidated.[4] The
prostaglandin H

2
synthase (PGHS),[5] the

serotoninergic system,[6,7] and/or the can-
nabinoid system[8,9] have been proposed
as potential targets. The action of NSAIDs

mainly relies on the inhibition of prosta-
glandin biosynthesis at the site of the in-
flammation,[10] although some NSAIDs
also exhibit a central action.[11]

The hypothesis of our study is that
the combination of paracetamol and ke-
torolac, a NSAID, results in an additive
effect, involving both peripheral and cen-
tral nociceptive pathways. This hypothesis
was tested by performing a pharmacoki-
netic/pharmacodynamic (PK/PD) study
in healthy volunteers. For this purpose, an
analytical method was developed for mea-
suring the plasma concentrations of the test
drugs and thereby assessing their pharma-
cokinetics (PK). The pharmacodynamics
(PD) was assessed using an experimental
pain model that involved peripheral and
central pathways. The detailed methods
and the results of this analytical method[12]
and of this PK/PD clinical study[13] have
been published elsewhere.

The present article is aimed at describ-
ing from a methodological point of view
the validation of the simplified UVB mod-
el, also called the ‘sunburn’ model, which
has been used to characterize the PD of
paracetamol and ketorolac in our study.
Further, it is also aimed at determining
whether this model could be feasibly de-
ployed as a screening tool of analgesics or
analgesics combination targeting different
sites of action (peripheral and central) and
mechanisms involved (primary and sec-
ondary hyperalgesia) early in clinical drug
development, in healthy volunteers.

2. Materials and Methods

2.1 Study Design
A randomized, double-blind, cross-

over, controlled, phase 1 study was per-
formed. The four study arms were: 1)
combined intravenous (iv) paracetamol 1
g and iv ketorolac 20mg; 2) iv paracetamol
1 g; 3) iv ketorolac 20 mg; and 4) placebo
(sodium chloride 0.9%). The study was ap-
proved by the local Ethics Committee and
the SwissAgency for Therapeutic Products
(Swissmedic), and was conducted in ac-
cordance with Good Clinical Practice.

2.2 Subjects
A total of 12 healthy, pain-free, non-

smoking, skin type-III, 20 to 50 year-old
male volunteers were recruited. The ex-
clusion criteria were contraindications
to paracetamol and NSAIDs and intake
of other analgesics and skin diseases.
Informed consent was obtained in written
form after providing adequate verbal and
written information.

2.3 Pharmacodynamics
Assessment

Experimental models of pain are use-
ful tools for characterizing the analgesic
effects of drugs.[14,15] Models inducing hy-
peralgesia can mimic clinical pain which
is often associated with signs of hyperal-
gesia. The sunburn model uses UVB irra-
diation to induce stable primary and sec-
ondary hyperalgesia.[16] The primary area
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3.1 Pharmacodynamics
Assessment

The detailed results of this study re-
garding the effects of the test drugs have
been published elsewhere.[13] Here the fo-
cus is on the characteristics of the sunburn
model, as applied in the research unit. It
was observed that the UVB irradiation
caused reproducible skin inflammation
in all the subjects, which was evident by
visible erythema (Fig. 1). An erythema
developed in all volunteers without ex-
ception, during each study session. When
compared to the pre-irradiation value, the
HPT was found to significantly decrease
20 h after UVB irradiation, from 46.9 ±
1.1 °C to 40.1 ± 1.7 °C (p<0.001). A small
intra- and inter-individual variability was
observed for the HPT, with a coefficient
of variation of 2.6% for within-subject
between-day measures and of 4.3% for
between subject measures (Table 1). The
HPT remained remarkably stable through-
out the study day (20 to 26 h after expo-
sure), with a coefficient of variation of
1.5% for within-subject within-day mea-
sures. Primary hyperalgesia to heat stimuli
was still present 44 h after UVB exposure
(HPT = 41.4 ± 2.0 °C). Fig. 2 depicts the
decrease of the HPT induced by UVB irra-
diation within the zone of erythema and its
stability throughout the study day. It could
been seen that the UVB irradiation induced
significant decreases in MPT, from 198.8
± 76.5 g to 74.7 ± 34.8 g in the zone of
erythema, representing a decrease of 62 ±
14% (p<0.002), and from 198.8 ± 76.5 g
to 129.9 ± 58.8 g around the erythema (33
± 27%) (p<0.04). For primary hyperalge-
sia, the observed intra- and inter-individual
variability was 32.0% and 49.6%, respec-
tively (Table 1). For secondary hyperalge-
sia, the observed intra- and inter-individual
variability was 23.2% and 46.1%, respec-
tively. Further, the MPT remained remark-
ably stable throughout the study day (20 to
26 h after exposure), with a coefficient of
variation of 20.8% and 13.9% in the pri-
mary and secondary zones, respectively,
for within-subject within-day measures.

of hyperalgesia is explained by sensitiza-
tion of peripheral nociceptor terminals and
peripheral pain hypersensitivity, while the
secondary hyperalgesia involves a central
mechanism of sensitization.[17] The de-
tailedmethodology used in this study is de-
scribed elsewhere.[13] The sunburn model
is used in a simplified way as previously
described[18] for assessing the central and
peripheral analgesic effect of paracetamol
and ketorolac, respectively. The sunburn
model has been characterized and validat-
ed by another research group;[16] however
it has not been fully characterized when
used in a simplified way,[18] that is by esti-
mating the dose of UVB according to the
volunteers’ skin type. Moreover this model
has never been used for assessing the ef-
fect of a combination of analgesics that act
on different targets. The volunteers were
exposed to twice the minimal erythema
doses (MED) of UVB light (UV801KL,
Waldmann,Villingen-Schwenningen, Ger-
many) on a 3 × 3 cm area on the glabrous
part of the non-dominant forearm, 20 h
prior to each study session, as described
previously.[18] The primary hyperalgesia
was assessed by measurement of the heat
and mechanical pain thresholds (HPT and
MPT, respectively). The HPT, defined as
the lowest temperature producing pain,
was assessed using a 9 cm2 Peltier ther-
mode (MedocAdvancedMedical Systems,
Ramat-Yishai, Israel), placed in contact
with the erythematous skin.[19] The MPT,
defined as the lowest pressure producing
pain, was assessed using an electronic
von Frey device (Bioseb, Id-Tech Bioseb,
Chaville, France) as described previous-
ly.[20] The MPT was also measured around
the erythema (secondary hyperalgesia) and
in a control skin zone (contra lateral side).
The secondary hyperalgesia was assessed
by determination of the area of secondary
hyperalgesia to pinprick, which was mea-
sured on the skin surrounding the erythema
using a rigid von Frey hair (462mN) along
eight linear paths as described previous-
ly.[21] Subsequent to the transcription of
the eight points on a paper, the area was
calculated according to the weight, using
standards of 9 and 25 cm2.

The four study sessions were conduct-
ed at least a week apart. The PD measures
were performed at baseline and at 1, 2, 4,
6 and 24 h after drug administration. The
last evaluation (24 h) represented 44 h after
UVB irradiation (20 h after irradiation + 24
h after drug administration). The PD data
measured in the placebo arm, as well as
at baseline in the other study groups were
used for characterizing the induced hyper-
algesia in terms of variability.

2.4 Statistical Analysis
Statistical analysis was performed us-

ing SPSS 11.0 (SPSS Inc, Chicago, IL,
USA). All results were expressed as the
mean ±SD. Variance components were es-
timated to quantify the intra- and inter-in-
dividual variability of the sunburn model.

3. Results

A total of 13 subjects were screened
for the study.Among these, two volunteers
withdrew from the study (one for unknown
reasons and the other for medical reasons).
Therefore, 11 volunteers completed the
study; their mean age was 26.0 ± 9.8 years
old. No serious adverse event was associ-
ated with the UVB irradiation or with the
study drugs.

Fig. 1. Zones of pri-
mary and secondary
hyperalgesia. This
figure shows the
determination of the
area of secondary hy-
peralgesia to pinprick
using a rigid von Frey
hair along eight linear
paths.

Table 1. Variability estimates associated with the UVB model

Component of
variability

Coefficient of variation [%]
HPT MPT,

primary
hyperal-
gesia

MPT,
secondary
hyperal-
gesia

MPT,
control skin
zone

Area of
secondary
hyperal-
gesia

Within-subject
within-day

1.5 20.8 13.9 11.9 14.4

Within-subject
between-day

2.6 32.0 23.2 27.5 29.7

Between subject 4.3 49.6 46.1 45.8 49.8
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ity and variability. Sycha et al.[18] demon-
strated an effect of ibuprofen on heat pain
threshold and on heat pain tolerance with
this modified model. At present, no single
orally administered analgesic agent can
completely and consistently relieve acute
pain of moderate to severe intensity. Thus,
the development of combination analgesics
having distinct modes of action with the
aim to provide additive effects with fewer
side effects is an interesting approach. It
has been found that the simplified UVB
model is suitable for the assessment of the
pharmacology of a combination of central
and peripheral analgesics. This finding
is important for further pharmacological
studies addressing central and peripheral
antihyperalgesic effects of new drug com-
binations. Moreover, no adverse events
associated with the UVB irradiation were
reported during the trial, which makes this
model suitable for its use in healthy vol-
unteers early in clinical drug development.

It was observed that this simplified sun-
burn model induced primary and second-
ary hyperalgesia, which showed consistent
stability for a period between 20 and 26 h
after the UVB irradiation. In addition, it
was demonstrated that primary and sec-
ondary hyperalgesia were still present 44 h
after the irradiation, but that the area of
secondary hyperalgesia tended to decrease
after this time interval. However, it should
be mentioned that two volunteers did not
develop an area of secondary hyperalge-
sia during one of the four study sessions.
This might indicate that the simplified
UVB model would not be as reproduc-
ible as when used according to individual
MED. Further, very small intra-individual
variability was observed for the HPT, with
coefficients of variation of 1.5% and 2.6%
for within- and between-day measure-
ments, respectively. The UVB irradiation
produced less variable hyperalgesia to heat
stimuli than the burn injury, for which the
coefficients of variation of 17% and 9%
were obtained for within- and between-
day measurements, respectively.[21] The
variability was found to be larger for the
MPT and the area of secondary hyperalge-
sia outcome variables; however, the intra-
individual variability was always smaller
than the inter-individual variability. This
suggests that a crossover rather than par-
allel-group design should be employed to
allow reasonable sample sizes for studies
comparing treating effects. The between-
subject variability obtained in this study
for MPT was comparable to the results ob-
tained by Chassaing et al.[20] after freeze-
induced hyperalgesia. The variability ob-
served for the UVB model was consider-
ably smaller than that for the intradermal
capsaicin model, in which the intra- and
inter-individual variability was 140 and
787%, respectively.[22]

Hyperalgesia to mechanical stimuli was
still present in both zones 44 h after UVB
exposure (MPT = 72.4 ± 53.0 g and 134.6
± 61.7 g, respectively). Fig. 3 depicts the
decrease of theMPT induced by UVB irra-
diation when compared to the control skin
zone and its mean stability throughout the
study day. Furthermore, the UVB irradia-
tion also resulted in the development of an
area of secondary hyperalgesia of 21.3 ±
11.3 cm2, which was measured 20 h after
the irradiation. The observed intra- and in-
ter-individual variability for this parameter
was 29.7% and 49.8%, respectively (Table
1). However, two of the eleven volunteers
did not develop hyperalgesia to pinprick
outside the irradiated site during one of the
four study sessions. The area of secondary
hyperalgesia also remained remarkably
stable throughout the day, with a coeffi-
cient of variation of 14.4% for within-sub-
ject within-day measures, as shown in Fig.
4. A significant shrinking from 21.3 ± 11.3
cm2 to 17.7 ± 11.4 cm2 after 44 h (p<0.017)
was observed.

4. Discussion

The present clinical study was mainly
aimed at assessing the existence of an addi-
tive effect of a combination of paracetamol
with ketorolac and exploring the putative
mechanism of the interaction by conduct-
ing a PK/PD study in healthy human vol-
unteers. For this purpose, tools were devel-
oped and validated for characterizing the
PK and PD of the study drugs. The bio-
analytical method that was developed for
assessing the PK is the subject of another
article.[12]

The PD was assessed using the sun-
burn model in a simplified form[18] as an
experimental model of pain. In the modi-
fied model, the MED was estimated on the
basis of the volunteers’ skin type in order
to save time. From a methodological point
of view, this clinical study was aimed at
validating the simplified sunburn model in
the research unit for the pharmacological
profiling of a combination of analgesics
and validating the model in terms of stabil-

Fig. 2. Heat pain
threshold before the
irradiation and bet-
ween 20 and 44 h
after irradiation (0 to
24 h after drug admi-
nistration). Data are
expressed as means
± SD; N = 11.

Fig. 3. Mechanical
pain threshold at
three different sites
of measurement as-
sessed between 20
and 44 h after irradi-
ation (0 to 24 h after
drug administration).
Data are expressed
as means ± SD;
N = 11.

Fig. 4. Area of secon-
dary hyperalgesia to
pinprick assessed
between 20 and 44 h
after irradiation (0 to
24 h after drug admi-
nistration). The ‘-20
h’ point expresses
the expected value
before the irradiation,
that is the absence
of secondary hy-
peralgesia. Data are
expressed as means
± SD; N = 11.
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In conclusion, this clinical study in
healthy volunteers demonstrated that the
simplified UVB model showed consis-
tent within-day stability and between-day
repeatability for primary hyperalgesia to
heat stimuli. The variability to mechanical
stimuli was higher; however, a crossover
design would allow reasonable sample
sizes. Secondary hyperalgesia to pinprick
showed the same stability and variability
when compared to MPT, but was however
absent in two volunteers in one of four
study sessions. Thus, it can be suggested
that the simplified UVB model is suitable
for pharmacological studies assessing only
primary hyperalgesia; however, when as-
sessing secondary hyperalgesia, the model
based on individual MED determination
might be even more reproducible.
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