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Aims Noradrenaline increases thermal hyperalgesia in skin sensitized to heat by the

topical application of capsaicin. The aim of this study was to determine whether

desensitization to the hyperalgesic effects of noradrenaline would develop after

repeated local administrations of noradrenaline in the skin of the forearm.

Methods Noradrenaline and saline were administered to the forearm by iontophoresis

(200 mA, 2 min, over a surface area of 3.1 cm2) two times per day for 4±10 days in

19 healthy subjects. The adequacy of the desensitization procedure was evaluated by

measuring noradrenaline-induced vasoconstriction with laser Doppler ¯uxmetry.

Thresholds and pain ratings to heat were then investigated at treated and control sites

before and after the topical application of capsaicin, and after the iontophoresis of

noradrenaline.

Results At previously untreated sites blood ¯ow was 49t14% (t95% con®dence

intervals) lower than ¯ow at reference sites after the iontophoresis of noradrenaline.

Vascular signs of adrenergic desensitization developed after 4±5 days of repeated local

administration of noradrenaline in the majority of subjects. In those whose vessels

constricted after the acute administration of noradrenaline, the adrenergic response

averaged 23t15% at the desensitized site compared with 61t9% at previously

untreated sites (P<0.001). However, similar signs developed after repeated ionto-

phoreses of saline (adrenergic response 7t16% compared with 58t15% at pre-

viously untreated sites, P<0.001). Both the noradrenaline and saline treatments

inhibited thermal hyperalgesia after the topical application of capsaicin. Heat-pain

thresholds averaged 43.2t2.5uC and 43.0t2.3uC at the noradrenaline and saline

pretreated sites compared with 41.4t2.7uC at the control site (P<0.05 and P<0.06,

respectively). On a 0±10 scale, heat-pain ratings to a 7 s, 45uC stimulus averaged

3.8t1.6 and 3.5t1.7 at the noradrenaline and saline pretreated sites compared with

5.3t1.6 at the control site (P<0.05). After the iontophoresis of noradrenaline heat-

pain ratings increased 1.6t1.4 at the site pretreated with saline (P<0.05) compared

with only 0.4t1.0 at the site pretreated with noradrenaline (not signi®cant),

consistent with local adrenergic desensitization.

Conclusions We conclude that repeated iontophoreses of noradrenaline or saline

inhibit vasoconstriction to noradrenaline, and also inhibit increases in thermal

hyperalgesia evoked by capsaicin. The release of endogenous stores of noradrenaline

by iontophoretic currents might contribute to these effects.
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hyperalgesia

Introduction

In some circumstances sympathetic nerve activity increases

nociceptor discharge in the presence of in¯ammation. In

one of the ®rst experiments to demonstrate this effect,

in¯ammation was induced in rat paws by a cocktail of
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painful substances [1]. In the presence of in¯ammation,

electrical stimulation of sympathetic nerves or local

injection of noradrenaline increased activity in C poly-

modal nociceptors. Similar effects were subsequently

reported after adjuvant in¯ammation in rats [2, 3]. In

humans, local administration of noradrenaline increases

sensitivity to heat-pain in skin in¯amed by capsaicin,

which itself selectively sensitizes C polymodal nociceptors

to heat [4]. The nociceptive effect of endogenously

released noradrenaline during in¯ammation [5] appears

to be masked by analgesic in¯uences during normal

sympathetic activation [6, 7]. Nevertheless, blocking

a-adrenergic receptors at the site of intradermal capsaicin

injection with phentolamine inhibits spontaneous pain,

hyperalgesia to punctate stimulation, and ¯aring around

the site of the capsaicin injection [8]. When administered

after the onset of in¯ammation a-adrenergic antagonists

reverse the painful effect of noradrenaline [5, 9, 10],

suggesting that noradrenaline directly stimulates excitatory

a-adrenergic receptors on nociceptors.

After prolonged exposure to catecholamines, vascular

smooth muscle loses some of its contractile responsiveness

[11±13]. Adrenergic desensitization begins within 2 h of

exposure to high concentrations of adrenaline [14], is

speci®c to adrenergic agonists [11], and is well-established

after 48 h [12]. Various mechanisms appear to contribute

to a-adrenergic desensitization of vascular smooth muscle,

including alterations in receptor function [13], a decrease

in receptor concentration [12] and an enhanced release

of endothelium-derived relaxing factors such as nitric

oxide [15].

The aim of the present study was to investigate the

effect of repeated local administrations of noradrenaline

on vasoconstriction and sensitivity to heat-pain in human

skin. We expected that vascular signs of adrenergic

desensitization would develop at treated sites. Since

noradrenaline increases thermal hyperalgesia in in¯amed

skin [4, 5, 9, 16, 17], it was hypothesized that ther-

mal hyperalgesia would be lower than normal in skin

desensitized to noradrenaline.

Methods

Subjects

The sample consisted of 12 females and seven males aged

between 18 and 44 years (mean age 23.2 years). Each

subject gave their informed consent for the procedures,

which were approved by the Murdoch University Human

Research Ethics Committee.

Procedures

The experiments were conducted in a temperature

controlled laboratory maintained at 21t2uC (ts.d.).

The experimental sequence is summarized in Table 1.

Stage 1: Pretreatment

Drug and skin preparation. Noradrenaline ((±)-arterenol

bitartrate, Sigma, St. Louis, MI, USA) was prepared daily

at 0.5 mM with distilled water from a 10 mM stock solu-

tion and introduced into the skin of the forearm by

iontophoresis. To ensure that oxidization of noradrenaline

was minimal, the stock solution was stored in an airtight

container at 4uC and replaced fortnightly. In preparation

for iontophoresis the skin was shaved, if necessary, and

cleaned with an isopropyl alcohol swab.

Iontophoresis. Perspex capsules with an internal diameter

of 20 mm were attached with adhesive washers and ®lled

with the noradrenaline solution. A 3 cm by 5 cm silver

electrode was coated with electrode gel and attached to the

dorsal aspect of the hand or to the forearm near the wrist

Table 1 Summary of procedures.

Stage Procedure Sites

1. Pretreatment (n=19) Iontophoresis twice/day for 4±10 days A: noradrenaline

B: saline

C: saline (n=10)

2. Assessment of adrenergic vasoconstriction (n=19) (i) iontophoresis of noradrenaline (i) A, C, D, E

(ii) iontophoresis of saline (ii) B, F

(iii) skin heated in 42uC water bath (iii) entire forearm

(iv) blood ¯ow measurement (iv) A±F and two reference sites

3. Assessment of thermal hyperalgesia (n=14) (i) at baseline (i) A, B, G

(ii) after topical capsaicin (ii) A, B, G

(iii) after iontophoresis of noradrenaline (iii) A, B, G

Note that Sites D±G received no pretreatment.
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to complete the electrical circuit. Direct current (200 mA)

was passed through the solution for 2 min to introduce

the noradrenaline into the skin. To investigate the non-

speci®c effects of iontophoresis, the current was also passed

through another capsule containing 0.9% saline.

The position of the iontophoresis capsules on the

forearm was marked with a permanent ink marker. In

pilot studies noradrenaline was administered 2±3 times/

day and adrenergic vasoconstriction was measured daily.

Vascular signs of adrenergic desensitization usually

developed within 3±5 days. In the present study the

iontophoreses were repeated twice daily for 4±5 days.

Daily administrations were separated by a minimum of

4 h. In six cases, the iontophoreses were continued for

another 2±6 days because assessment was delayed by

timetabling dif®culties or illness (two subjects) or because

vascular signs of adrenergic desensitization had not

developed after 4±5 days (four subjects; the criterion

used for adrenergic desensitization is described below).

In 10 subjects an additional site was iontophoresed with

saline to investigate the effect of repeated saline

iontophoreses on adrenergic vasoconstriction.

Stage 2: assessment of adrenergic vasoconstriction

Drug administration. Noradrenaline was iontophoresed at

the site of repeated noradrenaline pretreatment and at

two previously untreated sites (200 mA for 2 min). Saline

was iontophoresed at the site of repeated saline pret-

reatment and at an additional site (200 mA for 2 min).

In addition, noradrenaline was iontophoresed at the

second site of repeated saline pretreatment in 10 subjects.

The order of the iontophoreses was randomised across

subjects.

Measuring skin blood ¯ow. In general, the skin of the

forearm is poorly perfused [18]; however, local heating to

42uC reliably induces maximal skin blood ¯ow [19, 20].

Thus, to avoid ¯oor effects the forearm was heated to

42uC for 5 min in a water bath starting 5 min after the

®nal iontophoresis. Blood ¯ow was then measured from

near the centre of each iontophoresis site and from two

additional reference sites in the forearm with a Moor

MBF3D dual-channel laser Doppler ¯owmeter (Moor

Instruments, Axminster, U.K.). The ¯owmeter emitted

near infra-red laser beams at 810 nm, and changes in

wavelength (re¯ecting changes in blood ¯ow) were

detected with wide surface area probes over a volume

approximately 7 mm2 in surface area and 1 mm deep.

During the recordings, the forearm was positioned just

below heart level and the water bath's heating element and

circulating jet were switched off to prevent data artefacts

caused by probe agitation. To ensure that the probe

distance from the skin was uniform, tape was applied to the

probes so that they were positioned 1 mm above the skin

surface when inserted into plastic probe holders. Probe

positions were changed after 20 s of stable ¯ow at each

site. Recordings were taken twice from each site by each

probe, with the order randomised across probes and

subjects. Measurements took an average of 11.5t1.2 min

during which time the water temperature fell from

42.1t0.3uC to 41.1t0.3uC.

Stage 3: assessment of thermal hyperalgesia.

Sensory testing began 243 min (range 130±301 min) after

the assessment of adrenergic vasoconstriction (except for

two subjects where sensory testing began 17±19 h after

the assessment of adrenergic vasoconstriction because of

timetabling constraints). Sensitivity to thermal stimulation

was investigated at the site of repeated noradrenaline

pretreatment, a site of repeated saline pretreatment, and

at another previously untreated control site.

Measuring thermal hyperalgesia. To identify the heat-pain

threshold, the radiant heat from a halogen globe was

focused through a 6 mm diameter aperture placed just

above the skin. Skin temperature was monitored and

servo-controlled via a spring-mounted thermocouple bead

(0.8 mm diameter) that indented the skin slightly in the

centre of the aperture. Skin temperature was brought to

32uC with the servo-controlled heat lamp and maintained

at that temperature for 10±15 s. Skin temperature was

then increased at 0.5uC sx1 until the subject signalled

pain or to a maximum of 49uC, and returned passively

to around 32uC over the next 10±15 s. The heat-pain

threshold at each site was calculated as the average

threshold from two or three temperature ramps. The skin

was also heated to 45uC for 7 s, and subjects rated pain

intensity verbally on a scale ranging from 0 (no pain) to

10 (extreme pain).

Topical application of capsaicin. Next, 2.5 cm by 2.5 cm

gauze pads containing 250 ml of 0.02 M (0.6%) capsaicin

solution were applied to the noradrenaline pretreated site,

one of the saline pretreated sites and to the previously

untreated control site. The capsaicin solution was pre-

pared by dissolving capsaicin powder (Sigma Chemical

Company, Sydney, Australia) in 50% ethanol in distilled

water. The gauze dressings were covered with plastic

tape to retard evaporation of the capsaicin solution. After

30 min the dressings were removed and the skin was

washed with soap. Thermal hyperalgesia was measured at

all three sites after spontaneous pain had subsided (on

average, 30 min after the capsaicin had been washed from

the skin except for three cases where testing was delayed

for 75, 91 and 127 min, respectively, because of the

persistence of spontaneous pain).

Iontophoresis of noradrenaline. Noradrenaline was ionto-

phoresed at each site (200 mA for 60 s). Thermal hyper-

algesia was measured again, starting 7 min after the ®nal

iontophoresis.

Adrenergic desensitization
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Data reduction and statistical approach

Adrenergic vasoconstriction. The mean blood ¯ow at each

site was calculated by averaging across probes and repeated

measurements. In addition, blood ¯ow was averaged across

the two reference sites and across the two sites of acute

noradrenaline administration (i.e. sites that had received

no prior treatment with saline or noradrenaline). Since

the laser Doppler ¯owmeter measured blood ¯ow in

relative rather than absolute terms, ¯ow at sites of drug

administration was expressed as a percentage of ¯ow at the

reference sites. The criterion used for adrenergic vaso-

constriction was that blood ¯ow was at least 25% lower

at sites of acute noradrenaline administration than at the

reference sites. The criterion used for adrenergic desensi-

tization was that blood ¯ow was greater at the pretreated

site than at the sites of acute noradrenaline administration.

Student's paired t-test was used to determine whether

blood ¯ow differed signi®cantly between sites of acute

noradrenaline administration and the site of acute saline

administration (to test for adrenergic vasoconstriction),

between sites of acute noradrenaline administration and

the site of repeated noradrenaline pretreatment (to test

for adrenergic desensitization) and between sites of acute

noradrenaline administration and the site of saline pre-

treatment (to test for nonspeci®c effects of the ionto-

phoretic pretreatment on adrenergic vasoconstriction).

Student's paired t-test was also used to determine whether

blood ¯ow differed signi®cantly between the noradrena-

line pretreated site and the saline pretreated site after the

iontophoresis of noradrenaline (to compare the strength of

adrenergic desensitization), and between the site of saline

pretreatment and the site of acute saline administration

after the iontophoresis of saline (to investigate any non-

speci®c effect of iontophoretic pretreatment on blood

¯ow). No correction was made for multiple comparisons

because each of these tests investigated independent

hypotheses in different subgroups of subjects.

Thermal hyperalgesia. Student's paired t-test was used

to investigate whether thermal hyperalgesia intensi®ed

after the iontophoresis of noradrenaline at the control site.

The one-tailed criterion was used to test this directional

con®rmatory hypothesis [4, 5, 9, 16, 17]. Next, changes

in heat-pain thresholds and ratings were investigated in

separate 3r3 [Site (noradrenaline pretreatment, saline

pretreatment, control)rTime (baseline, after capsaicin,

after noradrenaline)] analyses of variance (ANOVA) for

repeated measures. The source of signi®cant main effects

and interactions was explored at each time point with

simple contrasts between the control site and each of the

pretreated sites.

Data are reported as the meant95% con®dence

interval.

Results

Adrenergic vasoconstriction

In the group as a whole, blood ¯ow was lower at sites

of acute noradrenaline administration than at the site of

acute saline administration (49t14% lower vs 13t14%

greater than ¯ow at reference sites, Student's paired t-test

P<0.001). In 15 of the 19 subjects, blood ¯ow was 25%

to 86% lower at sites of acute noradrenaline adminis-

tration than at the two reference sites (mean decrease

61t9%, see Figure 1). In the other four subjects, blood

¯ow at sites of acute noradrenaline administration was,

respectively, 14% greater, 4% lower, 5% lower and 9%

lower than blood ¯ow at the two reference sites. These

subjects were excluded from analyses of adrenergic desen-

sitization because the minimal constrictive response to

acutely administered noradrenaline ruled out detection

of adrenergic desensitization.

In 14 of the 15 remaining subjects, blood ¯ow was

greater at the site of repeated noradrenaline pretreatment

than at sites of acute noradrenaline administration (Sign

test, P<0.001; Student's paired t-test, P<0.001). In the

other subject, blood ¯ow at the site of noradrenaline

pretreatment was 68% lower than ¯ow at reference sites
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Figure 1 Cutaneous blood ¯ow (t95% con®dence intervals) in

heated skin, expressed as a percentage of ¯ow at reference sites

that did not receive drug administration. Blood ¯ow after the

acute administration of saline did not differ between the saline

pretreated and control sites (open squares, n=19). However,

blood ¯ow was greater at the site of saline pretreatment than at

reference sites (95% con®dence interval >0). The response to

noradrenaline is presented for subjects who met the criterion for

adrenergic vasoconstriction after the acute administration of

noradrenaline (®lled squares, n=15, except for the site of saline

pretreatment where n=7). Blood ¯ow was greater at pretreated

sites than at the site of acute administration of noradrenaline

(*P<0.001).

P. D. Drummond & D. M. Lipnicki

292 f 2001 Blackwell Science Ltd Br J Clin Pharmacol, 52, 289±295



but was only 51% lower than reference ¯ow at sites

of acute noradrenaline administration. This subject was

excluded from analysis of the effect of adrenergic desen-

sitization on thermal hyperalgesia because the criterion

for desensitization was not met.

The effect of saline pretreatment on adrenergic vaso-

constriction was investigated in seven subjects (data from

another three subjects were excluded because vasocon-

striction did not develop at sites of acute noradrenaline

administration). In all seven cases, blood ¯ow was

greater at the site of saline pretreatment than at sites of

acute noradrenaline administration (Sign test, P<0.05;

Student's paired t-test, P<0.001) (Figure 1). Blood ¯ow

did not differ signi®cantly between the noradrenaline

pretreated site and the saline pretreated site after the

acute administration of noradrenaline.

Blood ¯ow was greater at sites of acute saline

administration than at the reference sites (Figure 1), thus

ruling out a vasoconstrictive in¯uence of saline ionto-

phoresis. Blood ¯ow did not differ signi®cantly between

the site of acute saline administration and the site of saline

pretreatment.

Thermal hyperalgesia

Heat-pain thresholds and ratings in the 14 subjects with

vascular signs of adrenergic desensitization are pre-

sented in Figure 2. Heat-pain thresholds decreased after

the application of capsaicin at the control site, and

decreased further after the iontophoresis of noradrenaline

(Student's paired t-test, P<0.05). Similarly, heat-pain

ratings increased after the application of capsaicin at the

control site, and increased further after the iontophoresis

of noradrenaline (Student's paired t-test, P<0.05).

The heat-pain threshold differed among the three sites

(ANOVA Site main effect, P<0.01) except at baseline

(Figure 2a). In particular, the heat-pain threshold was

higher at the site pretreated with noradrenaline than at

the control site, both after the application of capsaicin

(P<0.05) and after the iontophoresis of noradrenaline

(P<0.05). In addition, the heat-pain threshold was

higher at the site pretreated with saline than at the

control site after the application of capsaicin (P<0.06) and

after the iontophoresis of noradrenaline (P<0.01).

As shown in Figure 2b, heat-pain ratings differed

among the three sites after the application of capsaicin

and after the iontophoresis of noradrenaline (ANOVA

Site±Time interaction, P<0.01). Pain ratings were simi-

lar at pretreated and untreated control sites at baseline.

After the application of capsaicin, pain ratings were greater

at the control site than at the sites of noradrenaline

(P<0.05) or saline pretreatment (P<0.05). After the

iontophoresis of noradrenaline, ratings remained greater at

the control site than at sites of noradrenaline (P<0.001)

or saline pretreatment (P<0.01) and did not differ

signi®cantly between the two pretreated sites. However,

it is worth noting that pain ratings increased signi®cantly

after the iontophoresis of noradrenaline at the saline

pretreated site (P<0.05) but not at the site pretreated

with noradrenaline.
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Figure 2 Heat-pain thresholds and heat-pain ratings (t95% con®dence intervals) at sites of noradrenaline pretreatment (®lled bars),

saline pretreatment (stippled bars), and no pretreatment (open bars) in 14 subjects with vascular signs of adrenergic desensitization.

Thresholds and ratings were measured at each site before and after the topical application of capsaicin and after the iontophoresis of

noradrenaline. Heat pain thresholds were lower and heat pain ratings were greater at the control site than at pretreated sites after the

topical application of capsaicin and iontophoresis of noradrenaline (*P<0.05).
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Discussion

The main ®ndings of the present study were that

pretreating the skin with noradrenaline inhibited vaso-

constriction to noradrenaline, and also inhibited thermal

hyperalgesia in in¯amed skin. Unexpectedly, however,

similar effects developed after saline pretreatment.

In the majority of subjects, vasoconstriction to nor-

adrenaline was attenuated in skin pretreated for 4±5 days

with noradrenaline twice per day. Adrenergic vasocon-

striction was quanti®ed by comparing cutaneous blood

¯ow at treated sites with blood ¯ow at reference sites heated

to 42uC. In preliminary studies employing the local heating

method, we identi®ed a strong linear relationship between

the strength of vasoconstriction and logarithmic increases

in the dose of noradrenaline [21]. Thus, we are con®dent

that noradrenaline provoked greater vasoconstriction at

previously untreated sites than at sites of repeated noradre-

naline pretreatment. Vascular signs of adrenergic desensi-

tization developed at different rates in different subjects,

presumably re¯ecting individual differences in, for

example, adrenoceptor reserve or in the vulnerability of

transmitter-receptor coupling to down-regulation.

Unexpectedly, saline pretreatment was as effective as

noradrenaline pretreatment in provoking vascular signs of

adrenergic desensitization. Weak direct currents increase

cutaneous blood ¯ow by stimulating the antidromic

release of neuropeptides from sensory nerve terminals

[22]. Pre-treating the skin repeatedly with iontophoretic

currents possibly enhanced a local vasodilating mechanism

(e.g. by priming release of vasoactive neuropeptides or

other components of a local in¯ammatory response). We

found recently that high levels of noradrenaline provoke

axon re¯ex ¯ares in human skin [23], which could

augment the vasodilating effect of iontophoretic currents.

Thus, an in¯ammatory response may have masked the

constrictive effect of acutely administered noradrena-

line at both of the pretreated sites. Alternatively, the

iontophoretic current might have provoked the release

of noradrenaline from sympathetic vasoconstrictor ®bres;

if so, the regular release of noradrenaline during the

pretreatment may have led to adrenergic desensitization

at the saline pretreated site.

Before capsaicin was applied, neither the heat-pain

threshold nor ratings of pain intensity to suprathreshold

heat stimuli differed between untreated sites and sites of

noradrenaline or saline pretreatment. Thus, the ionto-

phoretic pretreatment did not seem to in¯uence the

responsiveness of thermal nociceptors at baseline. How-

ever, both the noradrenaline and the saline pretreat-

ments blocked the heat-sensitizing effect of topically

applied capsaicin. Capsaicin is thought to increase ther-

mal hyperalgesia by opening heat-sensitive channels that

permit the entry of calcium into thermal nociceptors [24].

The heat-sensitizing effect of topically applied capsaicin

declines after repeated applications because repeated

exposure to high intracellular concentrations of calcium

inhibits normal intracellular responses to calcium, thus

preventing neuropeptide and neurotransmitter release

[25]. However, it seems unlikely that repeated ionto-

phoreses simulated capsaicin desensitization because

this should have decreased sensitivity to heat-pain at

baseline [26, 27]. Since both the saline and noradren-

aline pretreatments provoked vascular signs of adrener-

gic desensitization, endogenously released noradrenaline

might normally contribute to the hyperalgesic effect of

capsaicin. In support of this possibility, Kinnman et al. [8]

reported that subcutaneous injection of the a-adrenergic

receptor antagonist phentolamine inhibited mechanical

hyperalgesia and ongoing pain provoked by the intra-

dermal injection of capsaicin. Furthermore, in iontopho-

retic studies in our laboratory, tyramine (which releases

noradrenaline from adrenergic nerve terminals) increased

thermal hyperalgesia in capsaicin-treated skin; this effect

was blocked by pretreatment with the a-adrenergic

receptor antagonist phenoxybenzamine [5].

Since adrenaline [28] and noradrenaline [4] increase

thermal hyperalgesia in capsaicin-treated skin, we

expected that adrenergic desensitization would block the

hyperalgesic effect of noradrenaline detected in the pre-

sent and previous studies [4, 5, 9]. After the iontophoresis

of noradrenaline, thermal hyperalgesia was indeed lower

at the site of noradrenaline pretreatment than at a control

site. Furthermore, after the iontophoresis of noradrenaline

heat-pain ratings did not change at the site of noradrena-

line pretreatment, whereas ratings increased at the site of

saline pretreatment as well as at the control site. This latter

®nding is consistent with a speci®c effect of adrenergic

desensitization on thermal hyperalgesia but is not con-

clusive, because hypoalgesia had already developed before

the iontophoresis of noradrenaline.

Noradrenaline increases thermal hyperalgesia in

capsaicin-treated skin even during total arterial occlusion

[9, 16], indicating that some mechanism in addition

to a reduction in blood ¯ow contributes to adrenergic

hyperalgesia. Other possibilities include direct activa-

tion of adrenergic receptors on primary afferent noci-

ceptors [29], release of in¯ammatory mediators such

as prostaglandins or ATP from sympathetic terminals

[30±32], and release of nitric oxide or nerve growth

factor from the vascular endothelium [15, 33]. Whether

any of these mechanisms was down-regulated by the

iontophoretic current or by repeated local administration

of noradrenaline awaits further investigation.

In summary, this study shows that repeated iontopho-

reses inhibit vasoconstriction to noradrenaline, and also

inhibit the thermal hyperalgesia provoked by capsaicin.

Since similar effects developed after the noradrenaline and
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saline pretreatments, we cannot be certain that the intro-

duction of noradrenaline into the skin or the current-

evoked release of endogenous stores of noradrenaline

contributed to these effects. Nevertheless, the ®ndings

raise the possibility that iontophoretic treatments might

reduce pain or hyperalgesia in conditions such as erythro-

melalgia and complex regional pain syndrome, where

symptoms resemble those induced by capsaicin [34].
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