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Aims Following intravenous administration of its prodrug, L-758,298, we assessed
the pharmacodynamics of L-754,030, a novel and highly selective NK1 receptor
antagonist, by examining systemic haemodynamics and the blood flow responses to
intra-arterial substance P infusion.
Methods Sixteen healthy male volunteers participated in a double-blind, randomised,
placebo controlled crossover trial of L-758 298. Forearm blood flow was measured
using venous occlusion plethysmography during intrabrachial substance P infusion
(0.125–128 pmol min−1). In part 1, eight subjects received substance P infusions
before and during placebo, 0.25 mg, 1 mg or 5 mg of L-758 298. In part 2, eight
subjects received substance P infusions 24 h after placebo or 1.43 mg of L-758 298.
Results L-758 298 caused dose dependent inhibition of substance P induced
vasodilatation (P<0.001). Placebo adjusted differences (95% CI) in baseline forearm
blood flow, mean arterial pressure and heart rate showed no relevant changes with
5 mg of L-758 298 (>1400–fold shift in substance P response): 0.00 (−0.49 to
+0.49) ml 100 ml−1 min−1, 1.0 (−3.2 to +5.2) mmHg and 1.9 (−5.9 to +9.7)
beats min−1, respectively. Twenty-four hours after 1.43 mg of L-758,298, there was
~34–fold shift in response to substance P induced vasodilatation (P<0.008) at
plasma L-754 030 concentrations of 2–3 ng ml−1. L-758 298 was generally well
tolerated without serious adverse events.
Conclusions Substance P induced forearm vasodilatation is mediated by the
endothelial cell NK1 receptor in man but endogenous substance P does not appear
to contribute to the maintenance of peripheral vascular tone or systemic
blood pressure.
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Substance P is a member of the tachykinin family of
Introduction

peptides and acts through stimulation of the neurokinin
receptors, having a particularly high affinity for theSubstance P is a widely distributed endecapeptide which

is found principally in the neural tissue of the central, type 1 (NK1) receptor [9]. When given intra-arterially,
substance P is a potent vasodilator [10–12] through anperipheral and enteric nervous systems [1–4]. The

physiological functions of substance P include neuro- endothelium dependent mechanism [13] which is partly
mediated by nitric oxide release [14, 15]. In animaltransmission in primary sensory neurones with particular

involvement in nociception and emesis. In addition to studies, this response is induced via stimulation of the
endothelial cell NK1 receptor [9] although, to date, thisfunctioning as a neurotransmitter, it also acts as an

inflammatory mediator [5–7] and neurohumoral regulator has not been confirmed in vivo in man. Substance P is
found in perivascular neural tissue [16] and has been[1, 8].
postulated to play a role in the regulation of vascular
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−3,5-bis (trifluoromethyl) phenylethoxy)-3-(S)- Synthetic pharmaceutical-grade substance P (Clinalfa AG,
Läufelfingen, Switzerland) of ≥95% purity, was adminis-(4-fluoro) phenyl-4-(3-(5-oxo-4H-1,2,4-triazolo)methyl

morpholine; also known as MK-869) is a long acting, tered following dissolution in saline.
Matched placebo and L-758 298 (Merck Researchhighly selective, competitive NK1 receptor antagonist

with poor solubility in aqueous solution. L-754 030 is Laboratories, West Point, USA) were reconstituted with
0.9% saline in glass vials containing 50 mg of mannitolmore selective for the NK1 than the NK3 (3000–fold) or

the NK2 and other G-protein linked receptors and ion alone or 6 mg of L-758 298 and 50 mg of mannitol,
respectively. The 5 mg initial dose of L-758 298 waschannels (>50 000–fold) [20]. N-phosphorylation of

L-754 030 produces L-758 298, a prodrug which is readily chosen to exceed the ID90 of 50 mg kg−1 in the guinea
pig sensorotoxin-induced systemic vascular leak modelsoluble in aqueous solutions. L-758 298 undergoes rapid

in vivo conversion to L-754 030 and thereby provides a (Merck Research Laboratories, Terlings Park, UK).
Cannulae were inserted into the veins of the antecubitalprodrug which can be administered intravenously.

The primary aims of the present study were: first, to fossae of both arms. L-758 298 was administered into the
dominant arm via a 19-G cannula (Wallace Y-Can;determine the ability of L-754 030 to inhibit substance P

induced vasodilatation during and 24 h after intravenous Wallace Ltd, Colchester, UK) and venous samples were
withdrawn from the nondominant arm via a 17-Gadministration of L-758 298; second, to confirm that

substance P induced vasodilatation is mediated via the cannula (Venflon; BOC Ohmeda AB, Helsingborg,
Sweden).endothelial cell NK1 receptor in man; and third, to

determine whether endogenous substance P regulates
peripheral vascular tone or blood pressure in man. An Measurements
additional important aim of the study was to evaluate the
tolerability of single intravenous doses of L-758 298 in Blood flow was measured in the dominant and nondomi-

nant forearms by venous occlusion plethysmographyhealthy male volunteers.
using mercury-in-silastic strain gauges which were applied
to the widest part of the forearm [21]. Since forearm
length between the occlusion and collecting cuff isMethods
constant, volumetric changes are directly proportional to

Subjects circumferential changes measured by the strain gauge [21,
22]. During measurement periods, the hands wereHealthy nonsmoking men aged between 18 and 45 years
excluded from the circulation by rapid inflation of wristparticipated in a series of studies which were undertaken
cuffs to a pressure of 220 mmHg using E20 Rapid Cuffwith the approval of the Lothian Research Ethics
Inflators (D. E. Hokanson Inc, Washington, USA). UpperCommittee and the written informed consent of each
arm cuffs were inflated intermittently to 40 mmHgsubject. None of the subjects was taking regular medi-
pressure for 10 s in every 15 s to achieve venous occlusioncations, or received vasoactive or nonsteroidal anti-
and obtain plethysmographic recordings. Analogue volt-inflammatory drugs in the week before each phase of the
age output from an EC-4 strain gauge Plethysmographstudy, and all abstained from alcohol for 24 h and from
(D. E. Hokanson) was processed by a MacLabA analogue-food and caffeine-containing drinks for at least 9 h before
to-digital converter and ChartA v3.3.8 software (ADeach study. All studies were performed in a quiet,
Instruments Ltd, Castle Hill, Australia) and recorded ontotemperature controlled room maintained at 23.5–24.5° C.
a MacIntosh Classic II computer (Apple Computers Inc,
Cupertino, USA). Calibration was achieved using the
internal standard of the plethysmograph.

Drug administration
Blood pressure was monitored in the dominant arm at

intervals throughout each study using a semiautomatedThe brachial artery of the nondominant arm was
cannulated with a 27-standard wire gauge steel needle noninvasive oscillometric sphygmomanometer (Takeda

UA 751, Takeda Medical Inc, Tokyo, Japan) [23].(Cooper’s Needle Works Ltd, Birmingham, UK) under
1% lignocaine (Xylocaine; Astra Pharmaceuticals Ltd, Blood (10 ml) was withdrawn from the nondominant

arm before and after the incremental infusion of substanceKings Langley, UK) local anaesthesia. The cannula was
attached to a 16-gauge epidural catheter (Portex Ltd, P and admixed with 1 ml of 1% disodium EDTA. Blood

samples were placed on ice before being centrifugedHythe, UK) and patency maintained by infusion of saline
(0.9%: Baxter Healthcare Ltd, Thetford, UK) via an at 2000 g for 30 min. Plasma was frozen and stored at

−80° C prior to assay. Plasma L-754 030 concentrationsIVAC P1000 syringe pump (IVAC Ltd, Basingstoke,
UK). The total rate of intra-arterial infusions was were determined using high performance liquid chroma-

tography and mass spectrometry using an internal standardmaintained constant throughout all studies at 1 ml min−1.
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(L-752 611). The assay was validated over a concentration studies, substance P was infused for 10 min at each dose.
Forearm blood flow measurements were made from 3 torange of 1–500 ng ml−1 with a limit of detection at

1 ng ml−1 and a coefficient of variation of <9%. 6 min of each infusion period.
Tolerability assessments were made before, during and

following completion of the study and included: clinical Screening Before inclusion in the main study, subjects
received intra-arterial infusions of substance P at 0.125,examination, repeated questioning for symptoms, clinical

chemistry screen ( liver enzymes, bilirubin, electrolytes, 0.5, 2, 8 and 32 pmol min−1 [24]. To reduce overall
variability in the responses, subjects were recruited to theurea, creatinine, protein and albumin), haematology

screen (full blood and differential count), urinalysis, main study if 2 pmol min−1 of substance P increased
forearm blood flow by ≥100% and ≤500%.12-lead electrocardiogram.

Part 1—Maintenance L -758 298 infusion On each
Study design (Figure 1)

occasion, eight subjects received incremental intra-arterial
infusions of substance P at 0.125, 0.5, 2 and 8 pmol min−1Subjects attended at 09.00 h, rested recumbent throughout

each study and intravenous cannulae were inserted into followed by 60 min of saline. A second infusion of
substance P was then administered at 0.125, 0.5, 2, 8, 32each arm. Strain gauges and cuffs were applied, and the

brachial artery of the nondominant arm cannulated. Saline and 128 pmol min−1 [24].
At the beginning of the intervening 60 min salinewas infused into the arterial cannula for the first 30 min

to allow for equilibration. Forearm blood flow was infusion, subjects received a double-blind, randomised
intravenous infusion of either L-758 298 or placebo:measured for 3 min beginning at 23, 13 and 3 min before

commencing substance P infusions. Throughout all (Table 1). An intravenous bolus (two-thirds of the total

Part 1

90300
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Part 2

Figure 1 Schematic of protocol. Doses of substance P given in pmol min−1. Arrows indicate blood sampling time points for the
estimation of plasma L-754 030 concentrations. Part 2 infusions were commenced 24 h after 1.43 mg of intravenous L-758 298
administration.
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Table 1 Schematic of drug allocation. the start of the intravenous infusion of L-758 298 or
placebo. The dose of L-758 298 was derived from the

Subject Week 1 Week 2* Week 3† Week 4 pharmacodynamic and pharmacokinetic data of part 1
and was chosen to produce an approximately 40–fold

1 Placebo D1 D2 D3
increase in the PD100 24 h after L-758 298 administration.2 D1 Placebo D2 D3
L-754 030 has a plasma half-life of 15±4 h in man.3 D1 D2 Placebo D3

4 D1 D2 D3 Placebo
5 Placebo D1 D2 D3 Data analysis and statistics6 D1 Placebo D2 D3

7 D1 D2 Placebo D3 Plethysmographic data were extracted from the Chart
8 D1 D2 D3 Placebo data files and forearm blood flows were calculated for

individual venous occlusion cuff inflations by use of aD1=5 mg of L-758 298. *If the PD100 increases by >40-fold then
template spreadsheet (Excel v5.0; Microsoft Inc, USA).D2=1 mg of L-758 298; if <40-fold, D2=20 mg. †If the PD100

Recordings from the first 60 s after wrist cuff inflationcontinues to be >40-fold then D3=0.25 mg of L-758 298 or
<40-fold, D3=80 mg: otherwise the study is completed after 3 were not used, because of the instability in blood flow
weeks i.e. D3=placebo. that this causes [25]. Usually, the last five flows recorded

in each 3 min measurement period were calculated and
averaged for each arm. Basal blood flow was taken to be
that recorded immediately before drug infusion. Todose over 20 min) was given followed by a continuous

maintenance infusion (one third of the total dose over reduce the variability of substance P blood flow responses,
the ratio of flows in the two arms was calculated forthe subsequent 100 min) throughout the second challenge

of intra-arterial substance P administration. From earlier each time point, in effect using the dominant arm as a
contemporaneous control for the nondominant armphase I pharmacokinetic studies in man (Merck; data on

file), this dosage regimen was predicted to produce a [21]. Plethysmographic data were compiled by blinded
investigators.stable plasma concentration of L-754 030 during the

second incremental infusion of intra-arterial substance P. Percentage change in forearm blood flow from baseline
was calculated using the ratios of flows in the two armsPlasma samples to measure L-754 030 concentrations

were taken 60 and 120 min after the start of the for each of the substance P infusions. Natural logarithm
transformations of the substance P doses were used tointravenous infusion of L-758 298 or placebo. In the first

week, subjects received a total dose of 5 mg of L-758 298 estimate individual PD100 values using linear regression
techniques. The PD100 was defined as the interpolatedor placebo. The next dose administered in the second

week would be increased to 20 mg if the PD100 (defined or extrapolated dose of substance P which provokes a
100% increase in forearm blood flow. To determinebelow) was increased by <40-fold by 5 mg of L-758 298

or reduced to 1 mg if >40-fold (based on data from 6 whether there was a within day difference in PD100

following placebo, an analysis of variance (anova) withsubjects). The same criteria were applied to determine
whether the final dose (80 mg or 0.25 mg) of L-758 298 the terms ‘subjects’ and ‘time’ ( predose and postdose)

was used to analyse the natural logarithm transformedwas to be administered, or the study completed after two
doses of L-758 298 and placebo (based on data from four PD100 data from the placebo treatment group in part 1.

The influence of each dose of L-758 298 in parts 1subjects; see Table 1). If the third dose was not to be
given then this would be replaced by placebo and the and 2 on the forearm blood flow response to substance P

were evaluated relative to placebo. In these analyses, thestudy terminated after 3 weeks. To maintain double-blind
randomization, all data analysis and dosage decisions were PD100 after administration of a placebo dose was used as

the control for assessment of the fold shifts in PD100 duemade at the central co-ordinating centre (Merck Research
Laboratories, Terlings Park, UK) independent of the to the administration of the various doses of L-758 298.

An anova with the terms ‘subject’ and ‘treatment’ wasinvestigators.
used to analyse the natural logarithm transformed PD100

data from the treatments in part 1. An anova appropriatePart 2–24 h post L -758 298 infusion Eight further subjects
attended on two occasions, 1 week apart, and received for a two period crossover study was used to analyse the

natural logarithm transformed PD100 data from thean intravenous infusion of either L-758 298 or placebo
over 30 min in a double-blind randomised manner. treatments in part 2. These anova analyses were used to

estimate the geometric means, their ratios and 95%Subjects returned 24 h later to receive infusions of
intra-arterial substance P at 0.125, 0.5, 2, 8, 32 confidence intervals for the geometric mean ratio

for PD100.and 128 pmol min−1 [24]. Plasma samples to measure
L-754 030 concentrations were taken 24 and 25 h after Mean arterial pressure, heart rate and blood flow data
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Figure 2 Part 1: Forearm blood flow responses to intrabrachial substance P infusion before ( left panel) and during placebo or L-758 298
infusion (right panel). Mean±s.e.mean. # Placebo; + 0.25 mg, $ 1 mg and & 5 mg of L-758 298. *P<0.001; L-758 298 vs placebo,
anova.

incremental infusion of substance P which was not
significantly different between screening or the 4 separate
study days.

L-758 298 was administered in three descending doses:
5, 1 and 0.25 mg. During placebo and L-758 298 infusion,
there were no significant changes in blood pressure, heart
rate, or blood flow in the dominant forearm (Table 2).
Placebo adjusted differences (95% CI) in dominant
forearm blood flow, mean arterial pressure and heart rate
with 5 mg of L-758 298 were 0.00 (−0.49–0.49) ml
100 ml−1 min−1, 1.0 (−3.2–5.2) mmHg and 1.9
(−5.9–9.7) beats min−1, respectively. Plasma concen-
trations of L-754 030 were not significantly differentSubstance P infusion (pmolmin–1)

00 0 2

%
 c

ha
ng

e 
in

 b
lo

od
 fl

ow

0.125 0.5 8

500

400

300

200

100

0

32 128

immediately before and after the second incrementalFigure 3 Part 2: Forearm blood flow responses to intrabrachial
infusion of substance P (Table 2).substance P infusion. (Mean±s.e.mean.) Placebo; 1.43 mg of

In comparison with the response to the first incrementalL-758,298* P<0.001; L-758 298 vs placebo, anova.
infusion, the response to the second infusion of
substance P was significantly different following placebowere examined, where appropriate, by multifactorial
(P<0.006) and all doses of L-758 298 in a dose dependent

anova with repeated measures and paired Student’s
manner (Table 2; Figure 2)). The geometric mean PD100t-test. All results are expressed as mean±s.e. mean.
(95% CI) increased by 1.85-fold (1.27–2.86) duringStatistical significance was taken at the 5% level.
placebo infusion. The influence of each dose of L-758 298
on the forearm blood flow response to substance P was

Results examined relative to placebo. The geometric mean PD100

(95% CI) increased by 30–fold (9–99) with 0.25 mg,Twenty-two healthy male volunteers were required to
319–fold (98–1044) with 1 mg and >1400–fold withidentify 16 subjects who met the entry criteria: forearm
5 mg of L-758 298 (P<0.001 for all).blood flow increased by >500% in two subjects and

Forearm blood flow in the dominant arm increased<100% in four subjects. The 16 volunteers subsequently
at doses ≥32 pmol min−1 of substance P only duringrecruited were aged 30±2 years (range 20–40 years) and
placebo (P<0.02 vs baseline; paired t-test). Heart rateweighed 76±3 kg (range 61–95 kg).
and blood pressure did not change significantly (Table 2).There were no significant baseline differences in

forearm blood flow, blood pressure or heart rate between
any parts of the study.

Part 2

Following placebo infusion, substance P again caused
Part 1

dose-dependent vasodilatation in the nondominant arm
(P<0.001; anova: Figure 3). However, 24 h followingSubstance P caused dose-dependent vasodilatation in the

nondominant arm (P<0.001; anova) during the first intravenous administration of 1.43 mg of L-758 298,

© 1999 Blackwell Science Ltd Br J Clin Pharmacol, 48, 336–344340
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Table 2 Mean arterial pressure (MAP), heart rate (HR), forearm blood flow and plasma L-754 030 concentrations during substance P challenges in parts 1 and 2 (see Figure 1).
Mean±s.e.mean.

Baseline Maximum substance P dose§
Non-dominant Dominant Plasma L -754,030 Non-dominant Dominant Plasma L -754,030

Study MAP HR arm blood flow blood flow concentration‡ MAP HR arm blood flow arm blood flow concentration‡
protocol (mmHg) (beats min−1) (ml 100 ml−1min−1) (ml 100 ml−1min−1) (ng ml−1) (mmHg ) (beats min−1) (ml 100 ml−1min−1) (ml 100 ml−1min−1) (ng ml−1)

First substance P challenge
Placebo 90±2 55±3 2.9±0.2 2.9±0.4 – 88±2 60±4 12.3±1.5* 2.9±0.3 –
5 mg 85±2 57±2 3.5±0.4 3.0±0.5 – 89±2 59±2 16.6±2.9* 3.0±0.5 –
1 mg 87±3 51±1 3.2±0.4 2.8±0.4 – 91±3 54±2 9.7±2.2* 2.8±0.4 –
0.25 mg 90±3 60±2 3.0±0.3 2.7±0.3 – 91±3 62±4 12.1±1.4* 2.7±0.3 –

Second substance P challenge
Placebo 95±2 57±4 3.4±0.3 3.1±0.3 – 93±3 59±3 20.1±3.1* 5.8±0.8†
5 mg 88±2 57±3 3.6±0.5 3.2±0.4 75.4±0.4 90±2 57±3 5.1±0.6† 3.5±0.4 86.1±10.7
1 mg 90±3 54±2 3.3±0.4 3.0±0.3 10.0±1.1 92±3 58±3 6.0±0.9* 3.0±0.4 11.1±1.0
0.25 mg 92±2 56±4 2.7±0.2 2.8±0.3 2.6±0.2 93±3 64±4 7.8±1.2* 2.8±0.3 2.8±0.2

Part 2
Placebo 86±2 55±3 3.3±0.4 2.7±0.4 – 88±2 61±5 22.7±2.0* 7.3±0.8* –
1.43 mg 87±4 55±2 3.2±0.4 2.6±0.3 2.3±0.3 86±3 57±2 11.9±1.8* 3.5±0.53† 2.2±0.3

*P<0.001 (vs baseline; t-test); †P<0.05 (vs baseline; t-test). ‡n=8 for 0.25 mg, n=7 for 1 mg, n=8 for 1.43 mg and n=2 for 5 mg of L-758 298. §Maximum substance P dose: 8 pmol min−1

for part 1, pre-infusion. 128 pmol min−1 for part 1, during infusion. 128 pmol min−1 for part 2.
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Figure 4 Concentration–response relationship between the plasma concentration of L-754 030 and the PD100 values for the rate of
substance P infusion. Individual values shown with mean±s.e.mean. Three points with indeterminate PD100 values >1454 are not
shown. Placebo; # 0.25 mg, + 1 mg and & 24 h after 1.43 mg of L-758 298 r=0.62, P=0.003.

substance P induced vasodilatation was significantly back pain) in comparison with placebo. There were no
serious adverse events during the study and no clinicallyinhibited (Table 2; Figure 3). The geometric mean PD100

(95% CI) was increased by 34–fold (4–299; P<0.008). significant abnormalities detected on safety monitoring
(urinalysis, haematology, clinical chemistry and electro-The PD100 and plasma L-754 030 concentrations (Table 2)

were similar to those obtained with 0.25 mg of L-758 298 cardiography).
in part 1.

Forearm blood flow in the dominant arm increased at
Discussion

doses ≥32 pmol min−1 following placebo (P<0.02 vs
baseline; paired t-test) and at 128 pmol min−1 following For the first time, we have shown that substance P

induced forearm vasodilatation is inhibited by a selective1.43 mg of L-758 298 (P=0.03 vs baseline; paired t-test).
Heart rate and blood pressure did not change significantly NK1 receptor antagonist in vivo in man. During L-758 298

infusion, substance P induced forearm vasodilatation was(Table 2).
inhibited in a dose dependent manner. At the highest
dose of L-758 298, the vasodilator response to substance P

Concentration-response relationship
was abolished at doses up to 8 pmol min−1, suggesting
that substance P mediated vasodilatation is entirelyThe logarithm of the mean plasma L-754 030 con-

centrations significantly correlated with the logarithm dependent on the endothelial NK1 receptor. Moreover,
persistent inhibition of substance P induced vasodilatationof the PD100 of the rate substance P infusion (r=0.62,

P=0.003; Figure 4). was present 24 h after L-758 298 infusion.
Despite previous proposals [17, 18], it would appear

that substance P, acting via the NK1 receptor, does not
Tolerability

play a role in the regulation of peripheral vascular tone
or blood pressure. We observed no alterations in baselineL-758 298 was generally well tolerated by all the subjects,

with no excess of adverse events (mild headaches and forearm blood flow or systemic haemodynamics following

© 1999 Blackwell Science Ltd Br J Clin Pharmacol, 48, 336–344342
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