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Abstract

PD 154075 ([(2-benzofuran)-CH ,OCO]-( R)-a-MeTrp-(S)-NHCH(CH 3)Ph) is a selective tachykinin NK ; receptor antagonist. Its
effect on development and maintenance of thermal and mechanical hypersensitivity was examined in arat model of surgical pain. When
administered 30 min before surgery, PD 154075 dose-dependently (3—100 mg/kg, s.c.) prevented the development of thermal and
mechanical hypersensitivity with respective minimum effective doses of 10 and 30 mg/kg. These antihypersensitivity effects lasted for
72 h. In contrast, the administration of PD 154075 (30 mg/kg, s.c.) after surgery had little or no effect on these nociceptive responses.
PD 154075 antagonised thermal hypersensitivity induced by intrathecal administration of substance P, over the same dose range that
blocked surgical hypersensitivity. However, it only partially blocked the thermal hypersensitivity induced by the selective NK , receptor
agonist [ BAla€Ineurokinin A-(4—10). Morphine dose-dependently (1-6 mg,/kg, s.c.) lengthened isoflurane and pentobarbitone-induced
sleeping time in the rat. In contrast, PD 154075 (3-100 mg/kg, s.c.) did not interact with these anaesthetics. It is suggested that
tachykinin NK ; receptor antagonists, such as PD 154075, may possess therapeutic potential as pre-emptive antihypersensitive agents.
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1. Introduction

The tachykinins, substance P and neurokinin A are
co-localised in capsaicin-sensitive neurones that are be-
lieved to be nociceptive afferents and are released in
response to a variety of noxious stimuli. Three subclasses
of tachykinin receptors have been described in the central
nervous system (CNS) and periphery: NK ;, NK, and NK,
with substance P, neurokinin A and neurokinin B as their
respective preferred endogenous ligands (Maggi et al.,
1993). The tachykinin NK , receptor is widely distributed
in the CNS (Kiyama et a., 1993). In the spina cord, NK ;
receptor binding sites are widely distributed throughout the
dorsal (particularly laminae | and Il where substance P
containing primary afferent neurones terminate) and ven-
tral horn (Yashpal et al., 1990).

The recent discovery of non-peptide, highly selective
tachykinin NK , receptor antagonists that penetrate into the
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CNS after systemic administration has helped to study the
role of substance P in nociception. Most studies to date
have focused on evaluation of tachykinin NK, receptor
antagonists in anima models of inflammatory pain. Sev-
eral studies have reported that selective tachykinin NK
receptor antagonists can dose-dependently block the sec-
ond phase of the formalin response (Seguin et al., 1995;
Rupniak et al., 1996; lyengar et al., 1997). Other studies
have shown that tachykinin NK ; receptor antagonists can
also prevent carrageenan-induced hyperalgesia (Y amamoto
et al., 1993). There is also evidence that supports arole for
the tachykinin NK; receptor in peripheral inflammation
(Levine et al., 1984). However, the role of the tachykinin
NK ; receptor in other types of pain, including surgical and
neuropathic, remains to be clearly established.

It has recently been suggested that the tachykinin NK;
receptor is involved in induction but not maintenance of
nociception (Ma and Woolf, 1995; Traub, 1996). This
implies that the major therapeutic potential of tachykinin
NK; receptor antagonists would be as pre-emptive anal-
gesic agents in the treatment of surgical pain. Recently, a
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rat model of postoperative pain has been described (Bren-
nan et a., 1996). It involves an incision of the skin, fascia
and muscle of the plantar aspect of the hindpaw. This leads
to an induction of reproducible and quantifiable mechani-
cad (Brennan et al., 1996) and thermal hypersensitivity
(Field et a., 1997) lasting severa days. PD 154075 is a
selective tachykinin NK ; receptor antagonist. It possesses
nanomolar affinity for the human and the guinea pig
tachykinin NK; receptors (Singh et al., 1997). In the
present study we have examined the ability of PD 154075,
to block the induction and maintenance of these hyper-
sensitivity states.

2. Materials and methods
2.1. Animals

Male Sprague Dawley rats (180—220 g), obtained from
Bantin and Kingman (Hull) were housed in groups of 6
under a 12 h light /dark cycle (lights on at 7.00) with food
and water ad libitum.

2.2. urgery

Animals were anaesthetised with 2% isoflurane and 1:4
0,/NO, mixture. A 1 cm longitudinal incision was made
through the skin and muscle of the plantar aspect of the
right hindpaw (Brennan et al., 1996). The wound was
closed with two sutures and covered with topical antibi-
otics. Postoperatively animals were housed on ‘ Aqua-sorb’
bedding consisting of air laid cellulose (Beta Medical and
Scientific, Sale). The sutures were removed after 48 h.

2.3. Assessment of thermal and mechanical hypersensi-
tivity

Animals were tested for thermal hypersensitivity in the
plantar test and mechanical hypersensitivity with
Semmes-Weinstein von Frey hairs as previously described
(Field et al., 1997).

2.4. Effect of PD 154075 on substance P and [ 8 Ala®] neu-
rokinin A-(4—10)-induced thermal hypersensitivity

Substance P and [ BAl&8]neurokinin A-(4-10) were ad-
ministered intrathecally in a volume of 10 ul using a 100
wl Hamilton syringe by exposing the spine of the rats
under brief isoflurane anaesthesia. Injections were made
into the intrathecal space between lumbar region 5—6 with
a 10 mm long 27 gauge needle. Penetrations were judged
successful if there was a tail flick response. The wound
was sealed with an autoclip and rats appeared fully awake
within 2—3 min following injection. Paw withdrawal la-
tency baselines were determined prior to drug treatment in
the plantar test. PD 154075 or its vehicle was administered

s.c. 30 min prior to intrathecal substance P (8 ug/animal)
or [ BAl28]neurokinin A-(4—10) (2 wg/animal). Paw with-
drawal latencies were determined once again every 10 min
from 30 through to 60 min post intrathecal injection.

2.5. Interaction with anaesthetics

The potential for PD 154075 to interact with anaesthet-
ics was investigated by measuring changes in the sleeping
time-induced by isoflurane or sodium pentobarbitone. In
both cases, the animals received a single s.c. injection of
morphine sulphate (1-6 mg/kg) or PD 154075 (3—-100
mg,/kg) 30 min before induction of anaesthesia. Anaesthe-
sia was induced by sodium pentobarbitone (45 mg/kg,
i.p.) or by exposure of the animals for 30 s to a saturated
chamber with 5% isoflurane and 1:4 O, /NO, mixture and
then further exposure to 2% isoflurane for 4.5 min. The
time of recovery of the righting reflex from sodium pento-
barbitone or isoflurane was recorded.

2.6. Drugs

PD 154075 ([(2-benzofuran)-CH,OCO]}-( R)-a-MeTrp-
(S)-NHCH(CH 3)Ph) was synthesised at Parke-Davis Neu-
roscience Research Centre (Cambridge). It was dissolved
in poly(ethylene glycol) 200 (PEG-200, Sigma). Substance
P was obtained from Sigma and [ BAl&®Ineurokinin A-(4—
10) was obtained from RBI, USA, and dissolved in 0.9%
w /v NaCl. PD 154075 was administered s.c. in a volume
of 1 ml/kg. The two neuropeptides were administered
intrathecally in a volume of 10 ul.

2.7. Satistics

Data obtained for thermal hypersensitivity and for
sleeping time were subjected to a one-way-anaysis of
variance (ANOVA) followed by Dunnett's t-test. Data
obtained for mechanical hypersensitivity were analysed by
an individual Mann-Whitney t-test.

3. Results

3.1. Effect of PD 154075 on substance-P and [ 8 Ala®] neu-
rokinin A-(4—10) induced thermal hypersensitivity

The intrathecal administration of substance P or
[ BAl&€]neurokinin A-(4-10) induced thermal hypersensi-
tivity which was present 40—-60 min post injection (Fig. 1).
The s.c. administration of PD 154075 at 30 min before
substance P (8 wg/animal) dose dependently (10-100
mg/kg, s.c.) blocked the development of substance P-in-
duced hypersensitivity with a minimum effective dose
(MED) of 30 mg/kg (Fig. 1a). The highest dose of 100
mg/kg completely blocked the development of thermal
hypersensitivity for the duration of the experiment (Fig.
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Fig. 1. Effect of PD 154075 on the development of (a) Substance P and
(b) [ BAl&8Ineurokinin A-(4—10) induced thermal hypersensitivity. Ther-
mal hypersensitivity was assessed using the plantar test. Baseline (BL)
paw withdrawal latencies were determined prior to drug treatment. PD
154075 or its vehicle was administered s.c. 30 min prior to intrathecal
substance P (8 ug/anima) or [ pAl&fIneurckinin  A-(4-10) (2
ng/animal). Paw withdrawal latencies were determined once again every
10 min from 30 through to 60 min post intrathecal injection. Results are
expressed as mean+ S.E.M. Paw withdrawal latencies of 8-12 animals.
"P<0.05 “"P<001 significantly different from vehicle+agonist
group a each time point (oneway ANOVA followed by Dunnett's
t-test).

1a). In contrast, similar administration of PD 154075
partially blocked [ BAl&Ineurokinin A-(4—10)-induced hy-
persenditivity (Fig. 1b). Furthermore, unlike the antago-
nism of substance P-induced response, the blockade of
[ BAl&]neurokinin A-(4—10)-induced hypersensitivity by
PD 154075 was not dose related and was only observed at
one time point (40 min post NK , agonist) (Fig. 1b).

3.2. Effect of PD 154075 on induction of thermal and
mechanical hypersensitivity by surgical injury

The incision of the plantaris muscle-induced thermal
and mechanical hypersensitivity lasted at least 3 days in
the ipsilateral paw (Fig. 2). No such hypersensitivity was
observed in the contralateral paw (Fig. 2). For these stud-
ies the same animals were tested for thermal and mechani-
ca hypersensitivity, and 1 h recovery was alowed be-
tween tests. A single dose of PD 154075 administered 30
min before surgery dose-dependently (3—100 mg/kg, s.c.)
prevented the development of thermal (Fig. 2a) and me-
chanical hypersensitivity (Fig. 2b) with MED dose of 10
and 30 mg/kg, respectively. The highest dose of PD
154075 (100 mg/kg) blocked the development of mechan-
ica and thermal hypersensitivity for 49 and > 72 h,
respectively. PD 154075 did not effect either response in

the contralateral paw which remained consistent with base-
line values (data not shown).

3.3. Effect of PD 154075 on maintenance of thermal and
mechanical hypersensitivity induced by surgical injury

Two different groups of animals were used in this
experiment, one group for evaluation of therma and the
other for mechanical hypersensitivity. PD 154075 (30
mg/kg, s.c.) did not have any effect on thermal or me-
chanical hypersensitivity when administered 1 h after
surgery (Fig. 3). However, when it was administered 24 h
after surgery, it produced a modest but statisticaly signifi-
cant blockade of thermal hypersensitivity. It took 2 h for
this effect to appear and it lasted at least 5 h (Fig. 3). PD
154075 (30 mg/kg, s.c.) did not have any effect on
mechanical hypersensitivity when administered 24 h after
surgery (Fig. 3).

3.4. Lack of interaction of PD 154075 with anaesthetics

Isoflurane induced anaesthesia in control rats lasting
(mean + SE.M.) 2.91 + 0.29 min. The s.c. administration
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Fig. 2. Effect of PD 154075 on development of thermal and mechanical
hypersensitivity in the rat postoperative pain model. Thermal hypersensi-
tivity was assessed by determining paw withdrawal latencies using the
plantar test (a). Mechanical hypersensitivity was assessed by measuring
the force required in grams to elicit paw withdrawal using von Frey hair
filaments (b). Baseline (BL) measurements were taken before surgery.
Animals received a single s.c. injection of PD 154075 (3—100 mg/kg) 30
min before surgery. Paw withdrawal latencies and withdrawal thresholds
were re-assessed at various times after surgery. Results are expressed as
mean+ S.E.M. for thermal hypersensitivity and as median+ 1st and 3rd
quartiles for mechanical hypersensitivity. “P < 0.05, * “P < 0.01, signif-
icantly different from ipsilateral paw of vehicle treated animals (ANOVA
followed by Dunnett’s t-test for thermal hypersensitivity and Mann-Whit-
ney t-test for mechanical hypersensitivity; n=6-11).
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Fig. 3. Effect of PD 154075 on the maintenance of thermal and mechanical hypersensitivity in the rat postoperative pain model. Thermal hypersensitivity
was assessed by determining paw withdrawal latencies using the plantar test (a, b). Mechanical hypersensitivity was assessed by measuring the force
required in grams to elicit paw withdrawal using von Frey hair filaments (c,d). Baseline (BL) measurements were taken before surgery. Animals received a
single s.c. injection of PD 154075 (30 mg,/kg), 60 min or 24 h after surgery. Paw withdrawal latencies and withdrawal thresholds were re-assessed at
various times after surgery. Results are expressed as mean + S.E.M. for therma hypersensitivity and as median + 1st and 3rd quartiles for mechanical
hypersensitivity. “ P < 0.05 significantly different from ipsilateral paw of vehicle treated animals (unpaired t-test; n = 6-11).

of morphine 30 min before isoflurane dose-dependently
lengthened the sleeping time. The respective sleeping times
for 1, 3 and 6 mg,/kg morphine were: 2.79 + 0.65, 9.94 +
0.78"* and 1595+ 3.00"* min (**P <0.01 vs. con-
trols, ANOVA followed by Dunnett’s t-test). In contrast,
similar administration of PD 154075 did not affect isoflu-
rane-induced sleeping time with respective deeping times
of 2364+ 0.32, 241+ 0.2, 356 +0.45 and 3.14 + 0.78
min for 3, 10, 30 and 100 mg/kg PD 154075.

Sodium pentobarbitone induced anaesthesia in control
rats lasting 63.4 + 4.0 min. The s.c. administration of
morphine 30 min before sodium pentobarbitone dose-de-
pendently lengthened the dleeping time with respective
values of 77.7 +£ 5.9, 80.1 + 10.0 and 115.6 + 6.8" * min
for 1, 3 and 6 mg/kg morphine (* * P < 0.01 vs. controls,
ANOVA followed by Dunnett’s t-test). In contrast, similar
administration of PD 154075 did not affect pentobarbitone
induced sleeping time with respective values of 74.1 4+ 2.0,
70.3 £ 5.1 and 68.9 & 5.7 min for 10, 30 and 100 mg/kg
PD 154075.

4. Discussion

The results of the present study suggest that the
tachykinin NK , receptor plays an important role during the

induction of thermal and mechanical hypersensitivity in a
rat model of postoperative pain. This is consistent with a
previous study that reached a similar conclusion using
anima models of inflammatory pain (Traub, 1996). How-
ever, the tachykinin NK; receptor appears to have little or
no role during the maintenance of these nociceptive re-
sponses. It is noticeable that high doses of PD 154075
were required for the prevention of therma and mechani-
cal hypersensitivity. The reason for this is likely to be the
low affinity of PD 154075 for the rat tachykinin NK
receptor (Singh et al., 1997). It is possible that at these
high doses PD 154075 loses selectivity and the antihyper-
algesic and antihypersensitive effects do not involve the
tachykinin NK, receptor. However, the results of the
present study show that PD 154075 can dose-dependently
block tachykinin NK, receptor mediated hypersensitivity
in the rat. Moreover, this antagonism was complete and
required the same doses as those used in the surgical pain
model. The results presented here further show that PD
154075 can only partially and transiently block the NK,
receptor mediated hypersensitivity. Previously, radioligand
binding studies have shown that PD 154075 is a highly
selective tachykinin NK ; receptor antagonist (Singh et al.,
1997). Taken together, these observations suggest that the
tachykinin NK; receptor is likely to be the predominant
site of action mediating the antihyperalgesic and antihyper-
sensitive effects of PD 154075.
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The long duration of action of PD 154075 observed
following pre-treatment is inconsistent with its pharma
cokinetic profile. Thus, it has been shown that the half life
of PD 154075 is around 4-6 h in the rat (Singh et 4.,
1997). This suggests that PD 154075 cannot be present in
animals for 3 days. Similar long duration of action has
previously been observed with a different class of com-
pounds when administered before surgery (Field et al.,
1997). It has been suggested that the input from primary
afferent fibres during and up to 1 h post surgery, appears
to be the major stimulus for the induction of mechanical
and thermal hypersensitivity (Field et al., 1997). The input
from primary afferents after this time appears to be insuffi-
cient for the induction but adequate to maintain these
nociceptive responses. It would appear that the induction
phase is vital in the generation of hypersensitivity. The
prevention of this phase can lead to prolonged antihyper-
sensitive actions.

The induction and maintenance of dorsal horn hyper-
sensitivity has been shown to be dependent on activation
of the N-methyl-p-aspartic acid (NMDA) receptor com-
plex (Woolf and Thompson, 1991). It has been suggested
that the tachykinin NK, receptor influences nociception
via modulation of the NMDA receptor (Urban et a.,
1994). Thus, it has been shown that stimulation of the
tachykinin NK, receptor can facilitate the activation of
NMDA receptors by removing the Mg?* antagonism ei-
ther by depolarisation of the postsynaptic membrane or by
reducing the voltage dependence of the block. Other stud-
ies have shown that activation of the tachykinin NK,
receptor can increase the release of excitatory amino acid
neurotransmitters from primary sensory afferents (Kangrga
and Randic, 1990). The relatively weak effect of PD
154075 on maintenance of nociceptive responses imply
that the tachykinin NK, receptor has little or no influence
on the NMDA receptor after it has been activated.

It should be noted that PD 154075 completely pre-
vented induction of both thermal and mechanical hyper-
sengitivity. It has been previously reported that morphineis
more effective at blocking thermal hyperalgesia than allo-
dynia in a model of surgica pain (Field et a., 1997).
Allodynia is the main symptom of surgical pain and is
thought to be mediated by large diameter, low threshold
A B fibres (for review see Woolf and Chong, 1993). These
A B fibres are activated by innocuous stimuli and termi-
nate in deeper layers of the dorsal horn. This region of the
dorsal horn has much lower density of u-opioid receptors
compared with the superficia laminae which receive in-
puts from small diameter high threshold sensory neurones
responsible for mediation of hyperalgesia (Atweh and
Kuhar, 1977; Stevens et a., 1991). Furthermore, it has
been shown that morphine has poor activity at blocking
A-fibre inputs into the dorsal horn (Dickenson and Sulli-
van, 1986). Unlike u-opioid receptors, tachykinin NK
binding sites are not only distributed in laminae | and 11
but also X, and various loci in the ventral horns (Y ashpal

et al., 1990). Furthermore, tachykinin NK ; receptors are
also found in the peripheral nervous system where they are
involved in inflammation (Levine et al., 1984). It has been
shown that following systemic administration, PD 154075
can penetrate into the CNS (Singh et a., 1997). PD
154075 is a functional antagonist at both peripheral and
central tachykinin NK, receptors (Boyle et a., 1994).
Therefore, it is possible that antagonism of both peripheral
and central tachykinin NK, receptors contribute towards
the antihypersensitive actions of PD 154075.

In conclusion, the results of the present study suggest
that tachykinin NK, receptor antagonists such as PD
154075 may possess pre-emptive antihyperalgesic and an-
tihypersensitive actions. It should be noted that mechanical
hypersensitivity is almost unavoidable following surgery
(e.g. clothes touching skin, breathing, coughing, movement
of joints). Thus, the ability of PD 154075 to block mechan-
ical hypersensitivity represents a potential advantage over
u-opioid receptor agonists. The apparent lack of interac-
tion of PD 154075 with anaesthetics may also prove to be
beneficial in a preventative treatment of surgical pain. As
PD 154075 possesses higher affinity for the human com-
pared with the rat tachykinin NK ; receptor (Singh et al.,
1997), it is possible that much lower doses may show
efficacy in man. However, it remains to be seen whether
blocking part of the nociceptive transmission carried by
substance P is sufficient to prevent surgical pain in man.
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