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Histamine is released in the wheal but not the flare following
challenge of human skim vivo: a microdialysis study
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Summary

Background The mediator mechanisms of the cutaneous wheal and flare response, which
underlies allergic skin and urticarial conditions, are controversial. The wheal results
primarily from a direct effect of histamine on the local vascular bed, but to what extent
does histamine diffuse within the wheal? The flare is neurogenic in origin, being
disseminated within the dermis by axon reflexes, but do the neuropeptides released from
the nerve endings cause the vasodilatation directly or do they induce the further release of
histamine which then transduces the flare?

Objective We have addressed these questions by insertingldiameter microdialysis

fibres into the dermis within the different areas of the wheal and flare to monitor changes in
histamine levels provoked by intradermal injections of histamine, allergen, codeine and
substance P. Twenty-one subjects participated in the investigations.

Results The histamine concentration in unprovoked skin was #00B6 nM. As the
dialysis efficacy was-50%, this equates to tissue concentrations of 20 nM. All provicants
released large amounts of histamine at the injection site, maximum histamine levels being
337-1293 nM. Diffusion of histamine within the wheal was poor, levels at 2.3mm and
3.7 mm from the site of injection being 4—22% and 0.2—3.7% respectively of those 1 mm
from the injection site. No increased histamine levels were detected in the flare with any
provicant. Atraumatic delivery to the skin of histamine in infusion concentrations of 30—
10 000 nM caused concentration-related effects, at least 100 nM being necessary to induce a
significant increase in skin blood flow, a threshold of 300—1000 being required to stimulate
a visible flare and a measurable erythema, and 3000—-10 000 nM being the minimum for
induction of a wheal. Thus the skin blood vessels and nerves are responsive to histamine, but
at relatively high concentrations.

Conclusions These data support the theory that the flare reaction to focal histamine
injection or release is a neurogenic reflex not involving histamine release at its effector end.
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causing vasodilatation initially and then leakage of plasma
proteins from post-capillary venules [2]. Histamine also
Although itis almost 70 years ago since Lewis described thetimulates axon reflexes within the dermis [3]. The involve-
triple response to the intradermal injection of histamine [1],ment of peptidergic nerves in transducing the flare is
its mediator mechanisms are still controversial. The wheal isupported by the observations that capsaicin, which opens
caused by the actions of histamine on the local vascular bedon-specific cation channels in C-fibre polymodal afferent
nerve fibres [4], induces the release of sensory neuropep-
Tdes [5] and induces a flare on intradermal injection and
|

Introduction

Correspondence: Dr L. J. Petersen, Department of Dermatology, Bispebje
Hospital, DK-2400 Copenhagen, Denmark.
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Fig. 1. Diagrammatic representation of the skin showing the wheal and the possible mechanisms of the flare response. Injection of allergen
or a mast cell degranulating agent induces the release of mast cell mediators which cause a localized vasodilatation and increase of vascular
permeability to produce the wheal. They also stimulate an axon reflex (arrowed) to release neuropeptides in the flare area. The
vasodilatation in the flare area occurs by one of two mechani&iisy the direct vasodilator actions of sensory neuropeptide®, dy
neuropeptide-induced release of mast cell mediators which then cause, or at least augment, the vasodilatation.

topical administration [6,7]. Furthermore, prolonged appli-the skin [15,16]. Second, the neuropeptides substance P,
cation of capsaicin reduces the flare response by depletingasoactive intestinal peptide and somatostatin, all of which
sensory neuropeptides from these nerves [7,8]. What is ndtave been demonstrated in sensory nerves [17,18], all
clear from these studies, however, is the mechanism byelease histamine from human skin mast cefisvitro
which this neurogenic reflex induces vasodilation at its[19—21]. Third, neuropeptide-induced cutaneous inflamma-
effector end. At present, two theories are proposed (Fig. 1ion is markedly reduced in mast cell deficient mice [22,23].
One states that, although histamine present in the wheal mayourth, intradermal injection of substance P into human skin
initiate the axon reflex, the flare results solely from thein vivo induces a wheal and flare response [9,24] and
actions on the blood vessels of neuropeptides released mtleases histamine [11,25]. Fifth, the flare response to
the distal end of the reflex. The other theory proposes that thendothelin-1 and platelet activating factor, neither of
neuropeptides induce mast cell histamine release within thehich release histamine from human dispersed skin mast
flare area and that histamine then causes or contributes tlls in vitro [26,27], is reduced by antihistamines
the observed vasodilatation. [26,28,29].

The first theory assumes that, as several of the neuropep- In order to resolve this debate, it is necessary to demon-
tides released in the flare area possess potent vasodilatsirate directly local changes in histamine levels in the skin
properties [9,10], the presence of histamine is superfluousivo during wheal and flare responses. The ability to do this
Other supportive evidence for this theory includes reportdias recently become feasible with the introduction of
showing that the antihistamine terfenadine does not reduceutaneous microdialysis, a technique by which small mole-
the flare response to intradermal capsaicin [11], and that ratular weight substances present in the extracellular com-
paw inflammation, induced by electrical stimulation of the partment of intact human skim vivo may be monitored
saphenous nerve, does not involve skin mast cells [12,13]continuously [30]. Using this technique, which involves the

The theory that mast cell histamine is involved in produc-introduction of 21G:m diameter dialysis fibres into the
ing the flare [14] is supported by several lines of circum-upper dermis, we have already demonstrated histamine
stantial evidence. First, morphological studies have shown eelease in the wheal areas of cutaneous responses to sub-
close association between mast cells and sensory nervesstance P [25], codeine [31] and allergen [32,33]. We now
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use this technique to determine the concentration of histathe stability of which was checked regularly. After the
mine in unstimulated skin and assess semi-quantitativelperfusion was established, the fibres were allowed to equili-
any changes which occur within wheal and flare following brate for at least 10 min before collection of baseline samples.
intradermal injection of histamine, allergen, codeine and

substance P. Skin challenge procedure

To elicit wheal reactions covering the entire fibre, twad0
intradermal injections of histamine, codeine, substance P or
grass pollen, were made 5mm from end of the fibre and
exactly 1.0mm to the side and parallel to the fibre. A 27
A total of 21 subjects, two women and 19 men, aged 19-gauge needle attached to a 0.5 ml syringe was used to make
44 yr, participated in the study. Six of the subjects wereeach injection.

allergic to Timothy grass pollen, based upon seasonal
symptoms, positive skin tests and the presence OL
allergen-specific antibodies to grass pollen (class >2,
CAP-system, Pharmacia). The remainder were healthyThe efficacy of histamine diffusion across the microdialysis
non-atopic volunteers. All subjects gave informed consentfibre in vivo was assessed using a modified ‘no net flux
and the study was approved by the local ethics committeemethod’, in which a linear regression is established between
infused and recovered solute concentrations [30]. Briefly, a
single dialysis fibre was perfused with Krebs's Ringer
bicarbonate containing 300 nM histamine and the concen-
Aqueous timothy grass pollen extract (ALK Laboratories,tration of histamine in the dialysate was measured at steady
Harsholm, Denmark), substance P (Sigma, St Louis, USA)state by spectrofluorimetry. ThHa vivo recovery of hista-
codeine phosphate (Bispebjerg Hospital Pharmacy) anthine may then be calculated by the equations¢d3- Pzoo)
histamine dihydrochloride (SAD, Copenhagen, Denmark)— (Do — Py)) * 100/(Py — P3gg), Where Bgo and R are the
were diluted to their final concentrations in Krebs’s Ringerconcentrations of histamine infused (300 and 0 nM) and
bicarbonate containing 0.02% human serum albuminD3goand Iy are the concentrations recovered in the respec-
Final concentrations were as follows: histamineudQ tive dialysates. Based on data from study I, in which
codeine 2.5mM, substance P A, and grass pollen 1 or Krebs's Ringer bicarbonate containing no histamine was
10 SQ-U/ml, depending on the sensitivity of the subject.infused and approximately 10 nM histamine was recovered
Fresh dilutions were made daily from the same batches ah the dialysate at steady state, the equation was simplified
substances. to ((D30g —P300) —10)) * 100/Rqe The results showed thie
vivorecovery of histamine during steady-state conditions to
be 46.2+ 3.7% ( = 6).

To assess whether increased skin blood flow altered the
Microdialysis fibres of 21&m outside diameter, @n wall  rate of clearance of histamine and, therefore, its recovery by
thickness, and 2 kDa molecular weight cut-off were inserteddialysis, two seperate fibres were perfused with 300 nM
into the dermis under topical local anaesthesia to give &istamine in six subjects. An intense flare, which covered
diffusible length of 20mm as previously described [31].the entire diffusible lenght of one fibre, was then induced by
Ultrasound examinations have confirmed intradermal localiinjection of two aliquots of histamine 1.1 mM 15 mm from
zation of the fibres, the position being approximately 0.6 mnthe centre of the fibre. The other fibre served as a control.
from the skin surface [Petersen al, unpublished observa- The recovery of histamine in skin covered by a flare was
tions]. A recovery phase of at least 2 h was allowed to elapssimilar to that of normal control skin, 4843.7% and
between fibre insertion and skin challenge, a time which48.3= 4.0%, respectively, indicating that increased blood
previously has been demonstrated to be sufficient for locallow in the flare area does not increase the elimination of
anaesthesia to wear off, neurogenic vasodilation to be restordisue histamine.
to normal, and the implantation-induced hyperaemia to
resolve [31]. During the recovery phase, the fibres were nOIT-"rotocoIs for studies of histamine release
perfused. Each dialysis fibre was then perfused al81fin
with sterile, isotonic Krebs’s Ringer solution, (1.0 mM MgCl  Study | Four groups of five dialysis fibres were inserted,
1.2mM CaC}, 0.4mM NaHPQ,, 25mM NaHCQ@, 85mM  two groups separated by at least 5¢cm in each arm, into the
NaCl, and 3.0mM KCI) at pH 7.4 using CMA/100 per- forearms of six allergic subjects. Within each group, the
fusion pumps (CMA/Microdialysis, Stockholm, Sweden), fibres were inserted in parallel approximately 1, 2, 4, 6 and

Materials and methods

Subjects

ssessment of the efficacy of dialysis

Skin test reagents

Insertion of dialysis fibres
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Table 1. Histamine concentrations at various places within the wheal and flare reaction after skin challenge with histamine, allergen,
codeine and substance P

Fibre 1 Fibre 2 Fibre 3 Fibre 4 Fibre 5
Histamine
Peak histamine concentration (nM) 129249 52.4+12.9 8.1+-4.7 0.0+0.0 0.0+0.0
Total histamine amount (pmoles/20 min) 20:22.16 0.99+ 0.35 0.04+ 0.04 0.00+ 0.00 0.00+ 0.00
Distance from injection site (mm) 1.0 2+40.1 3.8£0.2 6.4+ 0.1 9.6+0.2
Allergen
Peak histamine concentration (nM) 3380 86.0* 38.3 9.5+4.6 5.4+ 2.8 0.0+0.0
Total histamine amount (pmoles/20 min) 10:02.37 2.26+1.22 0.17+0.10 0.08+ 0.06 0.00+ 0.00
Distance from injection site (mm) 1.0 2130.1 3.7£0.2 6.3+ 0.2 9.5£0.2
Codeine
Peak histamine concentration (nM) 7Z210 127+ 32.2 27.0£10.1 3.6-3.6 0.0+ 0.0
Total histamine amount (pmoles/20 min) 15:52.34 2.65+ 0.60 0.26+ 0.13 0.04+ 0.04 0.00+ 0.00
Distance from injection site (mm) 1.0 2430.1 3.7+-0.2 6.5+ 0.1 9.7+ 0.2
Substance P
Peak histamine concentration (nM) 3¥89.5 58.6+ 14.3 13.5-6.1 5.8+2.3 3.1£2.0
Total histamine amount (pmoles/20 min) 7964.98 1.06+0.30 0.29+0.18 0.05-0.03 0.00+ 0.00
Distance from injection site (mm) 1.0 230.1 3.8£0.1 6.1+0.1 9.6x0.1

After establishing baseline histamine levels, twaul@olumes of histamine (50M), codeine (2.5 mM), substance P (1) and grass

pollen (1 or 10 SQ units/ml) were injected intradermally and dialysate collected in 2 min samples for a total of 20 min thereafter. Histamine
was assayed spectrofluorometrically. The mean wheal radii in these experiments wede®.8.4+ 1.1, 5.3+ 1.6 and 4.4+ 0.8 mm for

histamine, codeine, substance P and allergen, respectively. The corresponding flare radii werd.A,622.2+ 3.2, 18.0+ 5.1 and

16.3*= 6.2 mm. Fibres 1 and 2 were covered by wheals in all cases, fibre 3 in 22/24 cases and fibre 4 in 3/24 cases. In no case did a wheal
extend to reach fibre 5. In all cases the flare reaction extended beyond fibre 5. Values aresmeahexperiments in six subjects.

9mm from the intended injection site, the exact locations To observe whether or not the physical presence of
being shown in Table 1. After equilibration, twoub dialysis fibres in the skin had any effect on the diffusion
baseline samples were collected over a 4-min period beforef histamine in the skin, three fibres were inserted into the
injection of histamine, allergen, codeine or substance Rorearms of each of four healthy volunteers at least 3cm
exactly 1 mm proximally to the most proximal fibre in each apart. Codeine, 2.5 mM, was injected 1, 2 or 3mm from the
group. Further dialysate collections ofibwere made at 2- centre of each fibre. Baseline and post-challenge dialysate
min intervals for a period of 20min. The 2-min period was samples were collected and assayed as above.

read as 6.9l as displayed on the perfusion pump. To

minimize time-of-sampling errors, all sample collectionsStudy Il The second series of experiments used a
within a single group of fibres were changed within 10s ofsensitive enzyme immunoassay for histamine to confirm
each other. Dialysate was collected directly into glass fibréhe results obtained with the spectroflourometric histamine
coated microtitre wells used for histamine analysis asassay. Two groups of four fibres were inserted into the
previously described [25]. Each group of fibres wasforearms of each of five healthy volunteers, so that three
challenged separately with an interval of approximatelyfibres were positioned 1, 3 and 9 mm to one side of the
30 min between them. The order of challenges with histaminentended challenge site and the fourth fibre was 9 mm to the
allergen, codeine and substance P were randomized. Twent¢her side (indicated as9 mm). One group of fibres was
minutes after skin challenge, the contours of the wheal and thehallenged with codeine, 2.5mM, and the other with
flare reaction above the fibres were outlined, and the measubstance P, 14M. In this series, dialysate was collected
wheal and flare radii measured at right angles to the path of th@ 8-min samples, two baseline samples being collected
dialysis fibre. In all experiments, the number of fibres coveredver a 16-min period before challenge and two further
by wheal and/or flare reactions was recorded. Histamine wasamples collected for consecutive 8-min periods after
assayed spectrofluorometrically. challenge.
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Fig. 2. An illustrative example of the pattern of detection of histamine following histamine injection taken from the first series of
experiments. Five dialysis fibres were situated 1, 2.4, 3.8, 6.4 and 9.6 mm from the site of intradermal injection qgiltalau6ts of
histamine, 5@M. The mean value of two pl baseline samples (labelled 0 min) were collected over a 4-min period before injection of
histamine. Thereafter, @ dialysate samples were collected from each fibre every 2 min for 20 min and the histamine concentrations were
assayed spectrofluorometrically.

Kinetics of histamine diffusionTo study the kinetics of and flare responses were quantified as described above. Laser
histamine diffusiorin vivo, individual fibres were perfused Doppler values and skin erythema figures were corrected for
with Krebs’s Ringer containing no histamine. Using a liquid pre-challenge baseline values. In all experiments, the subjects
switch system (CMA/110, CMA/Microdialysis, Stockholm, were placed in the supine position, the arms being kept at
Sweden) [31] the infusion was then changed instantly fromheart level. Inlet and mean outlet histamine concentrations
0 to 300 nM histamine and 2-min replicates of dialysateover 10 min were analysed spectrofluorometrically.
collected for the next 20min. Histamine was assayed
spectrofluorometrically. . .
Histamine assays
Assessment of the effects of histamine on skin blood flow and most experiments, histamine was assayed spectrofluoro-
erythema To determine effects of histamine on the local metrically using microtitre plate wells coated with a glass
vasculature, individual dialysis fibres were perfused firstfibre matrix [35]. The specificity of this assay for measuring
without histamine and then with various concentrations ofhistamine in skin dialysate after mast cell degranulation has
histamine for 10 min. Skin blood flow above each fibre waspreviously been confirmed [25]. The lower detection limit is
measured every minute using laser Doppler flowmetryapproximately 25 nM histamine (corresponding to 5ng/ml
(Periflux PF 1d, Perimed AB, Stockholm, Sweden). Thehistamine dihydrochloride), any histamine analysis below
laser probe was fixed in a plastic holder with its head exactlyhe limit of detection was set as 25 nM in the calculations.
on the top of the dialysis fibre in the skin. The parameters foFor the enzyme immunoassay for histamine (Immunotech
the laser Doppler were: frequency limit 12 kHz, time constantS.A., Marseille, France), dialysate samples were diluted 10-
10s, and gain 1 or 3. Skin erythema, and visible wheal andio 100-fold before analysis, yielding a final sensitivity of 2—
flare reactions were measured at 10—12 min. Skin erythema0 nM.
estimated by the haemoglobin content, was measured by a
hand-held spectrophotometer (Dermaspectrometer, Cort
Technology, Hadsund, Denmark) according to recen
recommendations [34]. The opening head of this spectroHistamine concentrations in each 2-min sample and the total
photometer was-100 mn¥, the head being placed exactly on amount of histamine released over the 20-min sampling
the same skin site as the laser Doppler recordings werperiod were calculated for each fibre. Results are expressed
performed. Data are mean values of 3—4 replicates. Wheas meant sem if not otherwise mentioned. Variations in

tatistics
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Fig. 3. Time course of histamine release induced by histamine, allergen, substance P and codeineulTaliqudis of (A) histamine,

50uM, (B) allergen, 1 or 10 SQ units/ml, (C) substance Pyl) and (D) codeine, 2.5 mM, were injected intradermally 1 mm from the
dialysis fibres. Six microlitre dialysate samples were collected from each fibre every 2 min for 20 min and the histamine concentrations
were assayed spectrofluorometrically. Results are expressed asrraeain = 6).

histamine release within series of fibres were analysed usingmounts of histamine, 7.96—20.22 pmol over the 20-min
the Friedman test. Wilcoxon sign rank tests were used focollection period, were recovered in the dialysis fibres
comparison of single experiments (baseline versus pospositioned 1 mm from sites of challenge, with peak levels
challenge histamine levelsp values of <0.05 were con- of 337, 372, 722 and 1293 nM histamine being observed
sidered to be statistically significant. following injection of allergen, substance P, codeine and
histamine respectively. A significant difference in histamine
concentrations within fibres located in the different areas of
the wheal and the flare was observed for all four com-
Histamine concentrations in the perfusates of dialysis fibrepounds. At a distance of 2.3-2.4 mm from the challenge
in resting unchallenged skin in six atopics and four healthysite, significant increases in the amounts of histamine
subjects were below the detection limit of 25 nM histaminerelease were detected, but they were only 4—22% of those
in 104 of 132 dialysis fibres (79%). A more accurate detected at 1 mm. In the periphery of the wheal, 3.7-3.8 mm
determination of baseline histamine levels was obtainedrom the injection site, significant increases in histamine
by enzyme immunoassay of samples collected over 8 min itevels were seen only with codeine. In more distant fibres,
five individuals in study Il. The observed histamine con-positioned in the flare, histamine levels were not signifi-
centration in these samples was 18.6.6 nM, which  cantly greater than baseline. An illustrative example of the
taking into account the recoveny vivo to be 50%, equates pattern of detection of histamine throughout the 20-min
to tissue levels of approximately 20 nM. recording period following injection of 50M histamine is

In study | involving six atopic subjects (Table 1), large shown in Fig. 2. The mean wheal and flare radii for allergen,

Results
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100 release either in the most peripheral parts of the wheal or in

= any part of the flare area.

S s The short sampling intervals also allowed a detailed ana-
: lysis of the kinetics of histamine release. In the fibre posi-
E 60 tioned 1.0 mm from the injection site, peak histamine levels
& were consistently found in the 0—2min sample with hista-

'g, mine, in the 2—4 min sample with codeine and substance P,
s and in the 4-6 or 6-8min samples with allergen (Fig. 3).
o After the injection of histamine, the time for peak histamine
E 20 levels to be detected in the more distant fibres within the
% wheal was significantly later, the delay periods being 2.4 min
o L ! ! | I at 2.3mm and 6.0 min at 3.8 mm. No statistically significant

1 2 3 4 5 6 7 8 9 10 delay was observed with codeine, substance P or allergen,

Distance of fibre from site of injection (mm) even though a tendency for the later appearance of histamine

Fig. 4. The effect of dialysis fibres on the measurement of Was observed in most SubJeCtS' l\/_le_1X|mum histamine levels
histamine levels at various distances from the site of injectionWere always found at the fibre positioned at 1 mm.

The solid circles represent the amounts of histamine recovered in AS the physical presence of dialysis fibres could con-
more distant fibres, expressed relative to the amount detected at tiggivably affect the diffusion of histamine or interfere with
1mm fibre, following the intradermal injection of codeine, nerve conduction within the skin, further experiments were
2.5mM, into six atopic subjects. In these experiments, fibreperformed in which codeine, 2.5 mM, was injected 1, 2 or
were inserted in parallel at different distances from the site of3 mm from the centre of individual fibres in four normal
injection. The open circles represent the amounts of histamineyglunteers. Since the magnitude of histamine release varies
calculated similarly to those above, following the intradermal widely between subjects, the concentrations detected in the
injection of codeine, 2.5 mM, into four normal subjects. In these2 and 3mm fibres are expressed as percentages of those
experiments, codeine was injected at various distances from f h individual. Comparison with the
individual fibres. All results are expressed as meaggm. observed'at Lmm O.r eac m. s P .

data obtained following codeine injection in the first part of
study | (Fig. 4) showed that the presence of dialysis fibres
substance P, codeine and histamine in these experiments gser sedid not significantly effect histamine levels in more
shownin Table 1. Thus, it may be seen from Table 1 that thelistant fibres. The 95% confidence intervals (meghsewm)
amounts of histamine recovered by dialysis following pro-overlapped between the two groups of data indicating no
vocation by all agents, declined rapidly from the centre tostatistical difference.

the periphery of the wheal with no significant histamine Because the concentrations of histamine in the dialysis

Table 2. Histamine concentrations (nM) in dialysate from fibres within the wheal and flare reaction assayed
by enzyme immunoassay

Distance from the

site of challenge —9mm +1mm +3mm +9mm
Codeine

Baseline 11.81.4 9.2+1.4 10.1+1.2 9.4+ 0.7
0—8 min 11.7+1.9 1852+ 694 224+ 68 10.6+ 1.6
8-16 min 11.0: 2.1 508+ 84 75+ 17 8.8+ 0.6
Substance P

Baseline 12.6-:1.2 12.0+1.2 10.3+1.2 10.8+1.2
0-8 min 11.2+1.7 648+ 197 106+ 52 9.5+1.7
8—16 min 11.9- 2.0 196+ 56 52+ 19 10.4+1.9

After establishing baseline levels, two @lOvolumes of codeine (2.5 mM) or substance P gM) were
injected intradermally and dialysate collected in two 8-min samples thereafter. The mean wheal and flare
radii in these experiments were 3:70.6 and 24.2- 2.0 mm for codeine and 3% 0.5 and 23.5- 2.1 mm

for substance P, respectively. Values are expressed astmaan(n=>5).
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Fig. 5. The effect of histamine on skin blood flow, skin erythema and flare reactions. Various concentrations of histamine were administered
atraumatically to the skin via dialysis fibres for 10 min. Approximately 50% of the histamine diffused from the inside of the dialysis fibre into the
extracellular water compartment (see the Results section). Skin blood flow was measured every 1 min by laser Doppler flowmetry, the values
being represented as maximum increase in blood flow corrected for baseline blood flow, expressed in arbitrary laser Doppler flux values. Skin
erythema was measured at 10—12 min by a hand-held dermaspectrometer and flare diameter measured at 10—12 min by a ruler. Histamine
caused a dose-related increase in skin blood flow, values from 100 nM and greater showing statistically significant increases compared to
baseline values. No flare or increase in skin erythema were observed for histamine concentrations below 1000 nM.

fibres situated in the periphery of the wheal and flare werghe dialysis fibres were 5583.3%, 50.7= 3.7%,

too small to be detected reliably by the spectrofluorometricc3.3+ 6.9% and 55.2 5.1% of those infused respectively,
histamine assay, we performed a second series of expelindicating a consistent transfer of approximately 50% of the
ments (study Il) in five normal volunteers in which hista- infused histamine into the tissues.

mine release provoked by codeine or substance P was The time course to reach steady-state recovery of hista-
assayed by the more sensitive enzyme immunoassay. Thmine, together with the kinetics of increased skin blood flow
results (Table 2) show that for fibres in the center of theassessed by laser Doppler flowmetry, after switching the
wheal, histamine concentrations in the dialysate increased

50-200 times above baseline values of 10—12 nM, while for

those in the periphery of the wheal, histamine levels were 127 7220
10-20 times above baseline. No increase in histamine [ 12%0g
concentrations above baseline was observed in dialysate$ |
from fibres within the flare reactions positioned 9mm on2 5|
either side of the challenge site. The mean wheal and flar@
radii induced by codeine and substance P in these experi?L 61

1160
1140
1120
71100

Histamine concentration (nM

ments are shown in Table 2. 3 180

The diffusion of histamine from dialysis fibres into the 2 T 160
dermis induced statistically significant increases in skin bloods , | J40
flow and skin erythema, and elicited flare reactions (Fig. 5). 120
While blood flow at the site of challenge increased signifi- 0 ¢ 2 : "1 e é 1'0 -0
cantly at histamine concentrations at 100 nM and greater, no Time (min)

increase in skin erythema or induction of flare were ObserVeﬁlig. 6. The time course for dialysate histamine to reach steady-state

for histamine concen.trauons below 1000 nM. Wh_eals WET&tter an increase in perfusate histamine concentrations from 0 to 300
observed for all subjects at 10000 nW<0.05), in on€ 1\ and the kinetics of skin blood flow alterations. Dialysate was
subject at 3000nM, but not at lower histamine concentraggjlected in 2 min fractions and assayed spectrofluorometrically for

tions. With infusion histamine concentrations of 100, 300,histamine (open circles). Changes in skin blood flow (solid circles)
1000, and 3000 nM, the concentrations in the outflows fromwvere assessed every 1 min by laser Doppler flowmetry.
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Fig. 7. Scanning laser Doppler images of the chronology of skin blood flow changes in the wheal and flare response to infudibn of 1
histamine via the dialysis fibre in one subjects. The direction of the dialysis fibre is from the upper right corner (arrow) to the lower left
corner. Measurements of blood flow were made at 30s intervals after the start of the infusion. The vasodilation developed quickly,
apparently as a function of multiple points of vasodilation, to reach steady state at approximately 3 min.

infused histamine concentration from 0 to 300 nM is showndifferent histamine analyses. Analysis of the effects of
in Fig. 6. It is seen that histamine equilibrated rapidly, exogenous histamine on cutaneous blood flow showed that
within 2—4 min, to reach a steady-state recovery of approxiinfusion concentrations of at least 100 nM were necessary to
mately 50% at 4 min, and that this was paralled by aninduce a significant increase in local blood flow, the thresh-
increase in skin blood flow. old infusion concentration necessary to stimulate a flare was
The sequence of vasodilation in the wheal and flare800—1000 nM, and infusion concentrations of 3000—10 000
response was studied in one subject using scanning laseM were required to induce a wheal. From these results we
Dopplerimaging (Fig. 7). The images showed a homogeneousonclude that the release of histamine in type | hypersensi-
pattern of vasodilation with multiple points of increasing skintivity reactions is a very localized process. We further
blood flow; steady state was reached at approximately 3 mirconclude that histamine is not an effector substance in the
The impression of multiple points of vasodilation in the flare flare area which surrounds the wheal.
was supported by computerized videophotometric capillaro- The histamine concentration in the dialysis fluid draining
scopy in another subject (data not shown). unchallenged skin, determined using the sensitive enzyme
immunoassay, was 1050.6 nM. However, dialysate his-
tamine concentrations underestimate the histamine concen-
trations in the skin by approximately 50%. This vivo
Using cutaneous microdialysis, which has an approximatelestimate, which was relatively consistent throughout experi-
50% efficacy in transferring histamine across its membranenents assessing diffusion of histamine both into and out of
we have been able to describe in detail the distribution offialysis fibres, is lower than that of 80% obtain@dvitro
histamine release in the wheal and flare reactions provokef@5], suggesting that physical contact of the tissue with the
by intradermal injection of histamine, allergen, codeine andibre wall creates a further barrier to diffusion. Thus, the true
substance P. Our major findings were the presence of largéssue histamine levels vivo are likely to be about 20 nM,
amounts of histamine only in the centre of the wheal, a steepome 10-20 times higher than those of 0.5—-2.5 nM found in
gradient of histamine from the centre to the periphery ofplasma [36]. We consider it unlikely that these levels are
the wheal and no detectable histamine release in theelated to the trauma of fibre insertion for the following
flare response. These findings were reproduced using tweasons.

Discussion
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First, an interval of at least 2h was interposed betweernvolved. However, the small amounts of histamine recov-
insertion of fibres and collection of dialysate and, at the timeered in the periphery of the wheal suggest that the area of
of sampling, there were no signs of either oedema omast cell degranulation is limited.
vasodilation. Second, the concentrations of histamine recov- Analysis of histamine levels in the flare area by spectro-
ered over a 30-min period were steady. Third, Anderson anfluorometry in study | showed them to be below the levels of
colleagues [37] reported that trauma-induced increases idetection, while the use of the more sensitive enzyme
histamine levels has worn off by 40—60 min after insertionimmunoassay for histamine in study Il confirmed that they
of a 16 gauge cannula. Also, studies by Peterserml.  were no higher than those in unchallenged skin, around 20
(unpublished observations), using the smaller 23 gaugeM. Thus, as no rises in its concentrations were observed in
guide cannula employed in this study, suggested thathe flare area, it is highly unlikely that histamine acts as the
tissue histamine levels returned to steady state low levelBnal local mediator in the flare. However, it may be argued
within 10—-15min. Thus, we conclude that the relatively that small localized rises in histamine concentrations are
high histamine levels in resting skin represent a continuougvolved in the elicitation of the flare reaction and that such
turnover of histamine, probably resulting from an incessanincreases are not detectable by microdialysis due to the
low level of mast cell degranulation. However, whether therapid metabolization of histamine or its increased washout
continued presence of dialysis fibres in the skin has aty the blood during the period of vasodilation.
impact on this process is not known. To help address these points, we examined the effects of

Two interrelated questions, which may be readilyexogenous histamine on the skin vasculature following its
addressed using microdialysis, are the diffusion of histadelivery by passive diffusion from indwelling microdialysis
mine within the wheal and the extent of histamine release idibres. This technique is particularly appropiate for such
more distant parts of the wheal and flare. We used thetudies as no injection or forcing of fluids into the tissue is
injection of exogenous histamine as a tool to investigate thénvolved. The salient points arising from this study are as
first of these questions. Time course studies showed thdbllows. First, no localized erythema or flare was seen in
exogenous histamine was always found in the first 2-mirchallenged skin in which tissue histamine levels were
fraction after intradermal injection, indicating that hista- around 20 nM. Second, infusion concentrations of at least
mine diffuses very rapidly across the dialysis membrime 100 nM, equating to tissue levels of 50—60 nM, were neces-
vivo, confirming previous observationsvitro [25]. Avery  sary to induce a significant increase in local blood flow
limited diffusion within the wheal is suggested from the above the dialysis fibre. Third, infusion concentrations of
observations that the amount of histamine recovered by th800—1000 nM, equating to tissue levels of approximately
fibre situated 2.4mm from the site of injection was only 150—-500 nM, were required to stimulate a flare response.
~4% of that at 1 mm, and histamine was below the levels ofThis concentration range probably represents the threshold
detection at the edge of the wheal. The half-life of exogenfor activating the axon reflex necessary to elicit the flare
ous histamine recovered in the dialysate from the fibre 1 mmesponse. Fourth, it was not until infusion concentrations
from the injection site was 2—3 min, and the time taken forreached 3000—-10000 nM, equating to tissue levels of
histamine to reach the 2.3 and 3.8 mm fibres was 2.4 ani500-5000 nM, that a wheal was observed along the dia-
6.0 min respectively. Thus, it appears that the lateral diffudysis fibre. This concentration range probably reflects the
sion of histamine through the dermis is poor and most ismsmounts of histamine necessary to cause endothelial cell
either rapidly metabolized or removed by the blood. contraction in post-capillary venules of a sufficient magni-

With codeine or substance P, peak histamine releaseide for oedema to be obvious.
occurred in the 2—4 min sample, whereas with allergen it Taken together with the demonstration that the presence
did not occur until the 4—-6 or 6-8min sample. Theseof increased blood flow in the flare area does not increase
findings of a different temporal pattern of mediator releasethe clearance of tissue histamine, these findings illustrate
induced by IgE-dependent and non-immunological masthat any increases in tissue histamine levels of sufficient
cell secretagogues are in accordance with previous studigsagnitude to produce effects on the local skin vasculature
in vivo[25,31,33] andn vitro [21]. The spread of histamine would be readily detectable by dialysis. The possibility that
release, indicative of the extent of diffusion of codeine,vasodilation in the flare occurred via activation of a few
substance P and allergen, is less easy to assess becauserttast cells does not seem valid, since scanning laser Doppler
measured decay rates of histamine, after reaching peaknaging and computerized videophotometric capillaroscopy
levels, were 3—4 min with codeine and substance P andupported the visual impression of a homogeneous vasodi-
6—8 min with allergen. This indicates some ongoing histadation in the flare.
mine release but does not indicate whether mast cells at the Thus, it would appear that a local erythema, a surround-
site of provocation are still releasing small amounts ofing flare and a wheal are stimulated sequentially as a
histamine or mast cells at a more distant site have becomeonsequence of the rising histamine levels at the focus of
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the skin challenge site. Also, the role of histamine in the
flare is solely to stimulate axon reflexes which, by releas-

thermal and chemical stimuli in human non-glabrous skin. Acta
Physiol Scand 1974; 92:374-90.

|ng neuropep“des dlsta”y, are respons|b|e for the Spread4 Lynn B. Capsaicin: actions on nOCiceptiVe C-fibres and ther-

of this response many millimeters from the focus of _ @Peutic potential. Pain 1990; 41:61-9.

histamine release. That the levels of neuropeptides occur® Theriault &, Otsuka M, Jessel T. Capsaicin-evoked release of
substance P from primary sensory neurones. Brain Res 1979;

ing during this response are insufficient to cause histamine 170-209—13

release in norma! skin is supporte.d. by_our findings .th_at 6 Carpenter SE, Lynn B. Vascular and sensory responses of
fIar'e rgsponses induced by the Injecthn of capsaicin, human skin to mild injury after topical treatment with capsaicin.
which induces the release of neuropeptides [5], are not gy j pharmacol 1981; 73:755-8.

accompanied by increases in levels of tissue histamine7 Anand P, Bloom SR, McGregor GP. Topical capsaicin pre-
(manuscript in preparation). This conclusion does, how- treatment inhibits axon reflex vasodilatation caused by soma-
ever, leave us with the apparent anomaly that flare tostatin and vasoactive intestinal polypeptide in human skin. Br
responses provoked by intradermal injection of platelet- J Pharmacol 1983; 78:665-9.

activating factor and endothelin-1, neither of which 8 Simone DA, Ochoa J. Early and late effects of prolonged
release histamine from human skin mast cefisvitro topical capsaicin on cutaneous sensibility and neurogenic
[26,27], are reduced by antihistamines [26,29]. However, _ vasodilatation in humans. Pain 1991; 47:285-94.

) .~ ' 9 Hagermark Q Hokfelt T, Pernow B. Flare and itch induced by
this anomaly has recently been resolved by the findings substance P in human skin. J Invest Dermatol 1978; 71:233-5.

using microdialysi§ that both platelet-ac.tivatir_lg factor 10 Lembeck F, Holzer P. Substance P as neurogenic mediator of
[38] and endothelin-1 [39] do release histamine when  niigromic vasodilation and neurogenic plasma extravasation.
injected into human skin. Naunyn Schmiedebergs Arch Pharmacol 1979; 310:175-83.
In conclusion, the results presented in this manuscripl Barnes PJ, Brown MJ, Dollery CT, Fuller RW, Heavey DJ, Ind
support the hypothesis that axon reflex-mediated vasodila- PW. Histamine is released from skin by substance P but does
tion does not involve the local release of histamine within  not act as the final vasodilator in the axon reflex. Br J
the flare area in normal human skin. The possibilities that, in  Pharmacol 1986; 88:741-5.
inflammatory skin diseases, cutaneous nerves may releadé Kowalski ML, Sliwinska Kowalska M, Kaliner MA. Neuro-
endogenous neuropeptides to such an extent that they induce 9enic inflammation, vascular permeability, and mast cells.
mast cell histamine release, or hyperresponsive dermal mast - Additional evidence indicating that mast cells are not
) . involved in neurogenic inflammation. J Immunol 1990;
cells may degranulate in response to neuropeptides released 1451214-21.
by a normal axon reflex, cannot be excluded and must be thﬁ,} Baraniuk JN, Kowalski

. . . ML, Kaliner MA. Relationships
subject of further experimentation.

between permeable vessels, nerves, and mast cells in rat
cutaneous neurogenic inflammation. J Appl Physiol 1990;
68:2305-11.
14 Foreman JC. Neuropeptides and the pathogenesis of allergy.
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