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Abstract
Itch evoked by cowhage or histamine is reduced or blocked by capsaicin desensitization, suggesting
that pruriceptive neurons are capsaicin-sensitive. Topical capsaicin can evoke both nociceptive
sensations and itch, whereas intradermal injection of capsaicin evokes only burning pain. To
dissociate the pruritic and nociceptive sensory effects caused by the chemical activation of sensory
neurons, chemicals were applied in a punctiform manner to the skin of the forearm using individual,
heat-inactivated cowhage spicules treated with various concentrations of capsaicin (1–200 mg/ml)
or histamine (0.01–100 mg/ml). Perceived intensities of itch, pricking/stinging and burning were
obtained every 30s using the general version of the Labeled Magnitude Scale and compared with
ratings evoked by individual native cowhage spicules. Similar to cowhage, capsaicin and histamine
spicules reliably evoked sensations of itch in a dose-dependent manner that were most often
accompanied by pricking/stinging and to a lesser extent burning. Spicules containing 200 mg/ml
capsaicin or 10 mg/ml histamine yielded peak magnitudes and durations of sensations comparable
to those elicited by cowhage. Each type of spicule also produced comparable areas of dysesthesias
(enhanced mechanically evoked itch or pain) and/or skin reactions (wheal and/or flare) in surrounding
skin, though inconsistently. The incidence of flare was greater in response to histamine than to
capsaicin or cowhage. These results suggest the possibility that capsaicin, histamine and cowhage
activate common peripheral or central neural mechanisms that mediate pruritic sensations and
associated dysesthesias.

1. Introduction
Chemical substances that evoke itch can also elicit qualities of pain and vice versa. For example,
histamine is known for its pruritic effects but can evoke an initial sensation of pain upon
injection into the skin [1,4]. Cowhage spicules (trichomes) from the tropical legume, Mucuna
pruriens, elicit a histamine-independent itch [9] that is accompanied by nociceptive sensations
of pricking/stinging and burning [10,12,19]. Conversely, capsaicin, the algesic chemical in red
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peppers, elicits pain and not itch when injected intradermally [11,22,24, unpublished
observations]. But when applied topically to the forearm, capsaicin can elicit an itch that
dominates over lesser sensations of pricking/stinging and burning [6]. With repeated topical
applications, capsaicin not only reduces the magnitude of chemically evoked itch and
nociceptive sensations [6] but also attenuates the itch mediated by an intradermal injection of
histamine and abolishes the itch elicited by cowhage [9]. Thus, pruriceptive neurons responsive
to cowhage or to histamine may also respond to, and become desensitized by, capsaicin. In
addition, nociceptive neurons responsive to capsaicin may act centrally to block itch.

It is not known to what extent algesic and pruritic chemicals can elicit similar sensations or
activate the same types of pruriceptive or nociceptive sensory neurons. There have been no
direct comparisons of the quality, magnitude and time course of sensations evoked by
histamine, cowhage and capsaicin. In addition, the studies to date have differed in the method
of chemical delivery which, in turn, may have contributed to differences in neuronal activation.
For example, the sensory nerve endings activated by the tip of a cowhage spicule or by the
topical application of a chemical like capsaicin might be more superficially located than those
responsive to chemicals delivered by a hypodermic needle inserted into the skin. The volume
and distribution of the chemical also differ for the different methods of application. Thus,
psychophysical comparisons of the sensory effects of capsaicin, histamine and cowhage require
that each chemical agent should be delivered in the same manner.

The cowhage spicule provides a unique way of delivering a chemical to a punctate region of
skin. The native cowhage spicule delivers to the skin a cysteine protease, called mucunain, that
has been shown capable of activating the protease activating receptors PAR2 and PAR4 [26].
Autoclaving the cowhage spicules inactivates the heat-labile protease. These inert spicules
produce no sensations when inserted superficially into the skin of the volar forearm of human
volunteers. Thus, by soaking them in various solutions, the spicules can be used to study the
response to the punctate application of other chemicals.

We adopted this strategy to learn whether the punctate application of capsaicin or histamine
selectively elicits itch and/or nociceptive sensations. The quality and magnitudes of sensations,
cutaneous dysesthesias and skin reactions (wheal and flare) produced by the insertion of a
single, native cowhage spicule or chemically-soaked (capsaicin and histamine) inactivated
spicule in the volar forearm of human subjects were examined. Preliminary data have been
reported [22].

2. Material and Methods
2.1. Subjects

All protocols were approved by Yale University Human Investigation Committee (HIC). 21
healthy subjects: 14 females and 7 males, volunteered to participate in the study. The subjects
were required to refrain from antihistamines and pain medications at least 24 hrs prior to an
experiment. Subjects presenting a history of dermatological, neurological, cardiac or
immunological disorders were excluded. All subjects were monetarily compensated for their
time.

2.2. Preparation of chemically-filled spicules
Spicules/trichomes on the pod of the cowhage plant (Mucuna pruriens) were autoclaved to
inactivate the active pruritic ingredient, mucunain [26], thereby rendering the spicules
chemically inert. The autoclaved spicules were soaked in solutions of histamine (Sigma-
Aldrich, St. Louis, MO) made in double-distilled water or capsaicin (Sigma-Aldrich, St. Louis,
MO) dissolved in 80% ethanol. This method of chemical application has a distinct advantage
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over certain others in that there is no delivery to the skin of a vehicle that itself may elicit a
sensation. That is, histamine was mixed in de-ionized water instead of the pH adjusted salt
solution required for injection; capsaicin was prepared in alcohol that was subsequently
evaporated. Thus, the histamine or capsaicin that remained in dried spicules could be delivered
without the confounding effects of vehicle irritants such as salts and alcohol.

The different concentrations of chemical were: 0.01, 0.1, 1, 10, 100 mg/ml for histamine and
1, 10, 50, 200 mg/ml for capsaicin. The spicules were observed under a stereomicroscope as
they filled with the chemical solution. Filling was determined by the displacement of air by
the solution within the spicule. The filled spicules were taken out of the solution and allowed
to dry on a filter paper placed in a Petri dish. The tip of a single spicule, held by forceps, was
inserted into the superficial skin of the forearm laterally at an angle of approximately 30 degree
from the surface of the skin.

It is likely that the chemical contained only in the tip of the spicule can enter the skin. As the
soaked spicule dries, the fluid within the spicule disappears but does not gravitate towards the
tip while evaporating. Thus, we assume that chemical in the entire spicule does not concentrate
in the tip. Rather, only the chemical in the fluid that is held within the tip contributes to the
stimulus. The spicules were 2–4 mm in length and each had a diameter of about 1–3 μm at the
tip. The approximate length of the spicule entering the skin was 0.2 mm (200 μm). The radius,
r, of the spicule, 0.2 mm from the tip, was 0.012 mm. The volume (1/3πr2h) of a conically
shaped cowhage spicule tip with a radius of 0.012 mm and a height, h, of 0.2 mm was 0.00003
mm3, or 30 picoliters. A 200 mg/ml solution contained 200 pg per 1 pL. The theoretical amount
of chemical contained in the 30 pL tip was 30 × 200 = 6000 pg or 6 ng. Thus, the amount of
capsaicin in the tip of a spicule soaked in solutions of 1 to 200 mg/ml was 30 pg up to 6 ng,
respectively. The amount of histamine contained in the tip of a spicule, soaked in concentrations
of 0.01–100 mg/ml was 0.3 pg to 3 ng.

It is likely that the actual amount of chemical that diffused away from the tip of a spicule was
less than the total amount contained within the tip. After drying, the spicule did not appear, by
microscopic inspection, to have crystals of chemical on the outside and, upon removal from
the skin appeared to contain no fluid in the tip. Thus, it is possible that the chemical actually
delivered to the skin may have been contained within the walls of the tip. However, an
experimental analysis of the mechanism of chemical delivery and the precise amount delivered
are beyond the scope of the present study.

2.3. Measurements of the quality and perceived intensity of sensation
Each subject on different occasions received a native cowhage spicule, or a heat-inactivated
spicule soaked in one of different concentrations of histamine (or the vehicle alone) or capsaicin
(or its vehicle). The different types of spicules were applied in a random manner with each
subject being tested twice in a session, once on each arm. The frequency of sessions varied
from 24 hrs to a week to accommodate the availability of the subjects and experimenters. In
response to a given spicule, subjects made periodic judgments of the perceived intensity of itch
and nociceptive sensations of pricking/stinging and burning. Itch was defined as a sensation
that provoked a desire to scratch. Pricking/stinging was described as a sharp, localized
sensation having the quality of needle stick or insect bite that was either transient (pricking)
or prolonged (stinging). Burning was described as having the quality of sensation that might
be produced by rubbing the skin abrasions or by extreme temperature stimuli. The subjects
were instructed that following the insertion of a spicule they may or may not experience the
sensations of itch, pricking/stinging and burning. They were asked to rate only sensations that
they experienced. Additionally, they were instructed that the sensation of pricking/stinging and
burning may or may not be painful.
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The subjects rated the perceived intensity of itch and nociceptive sensations using the general
version of the Labeled Magnitude Scale (gLMS) [2,5]. This scale presented subjects with
intensity markers including “no sensation”, “barely detectable”, “weak”, “moderate”, “strong”,
“very strong” positioned at appropriate locations along the scale in relation to the “strongest
imaginable sensation of any kind”, which was placed at the top. Ratings of each of the three
sensory qualities were obtained every 30 sec from the moment of spicule insertion until 20
minutes elapsed or until each quality was judged as zero three times in a row. The subject
judged the magnitude of each quality by using a computer mouse to move a cursor along the
scale as presented on a videoscreen. Each subject received prior training during which they
used the gLMS to judge the magnitude of familiar sensory experiences such as the “sting of a
bee” and the “itch from a mosquito bite.” Any sensation rated below barely detectable on the
scale was considered as “zero”.

The subjects were trained in the practice session to use the gLMS by rating responses to a single
cowhage spicule inserted in their forearm. The results of this test were discarded and the
cowhage spicule was tested again in a random manner in all the subjects. In the event, that a
spicule evoked less than barely detectable or no sensations, it was removed and a new spicule
was inserted a few millimeters away from the previous site of insertion. Up to three such
insertions were tried before it was determined that a particular concentration of capsaicin or
histamine or a native cowhage spicule did not produce a response. The results presented include
each subject’s ratings of the first single trial that was rated higher than barely detectable for
each concentration of capsaicin or histamine or the native cowhage spicule tested.

2.4. Measurements of cutaneous dysesthesias
Once all sensations had disappeared, the presence or absence of each of the following
dysesthesia was determined, and when present, the borders of the dysesthetic areas were
mapped and marked on the skin. a) Alloknesis: A cotton swab mounted on a coping-saw blade
that delivered approximately 100 mN of compressional force [21] was applied in a series of
short strokes, each about 40 mm/s. The stroking began on normal skin and proceeded towards
the spicule insertion site until the subject reported a sensation of itch during the stroking or
until the strokes came within 1 cm of the application site. The area of alloknesis was mapped
by repeating this procedure along 8 to 12 radial paths. b) Hyperalgesia: A Von Frey filament
fitted with a tip diameter of 200 μm and exerting a bending force of 100 mN was used to
produce brief indentations of skin starting from normal skin and proceeding toward the spicule
site along a series of radial lines as described. The subjects were instructed to attend to the
magnitude of pricking pain evoked and indicate if and when the magnitude of this sensation
was noticeably enhanced over that elicited in normal skin and in a consistent manner as the
filament was advanced further toward the application site. c) Hyperknesis: The protocol was
the same as described in b) except that the von Frey filament had a tip of 50 μm diameter and
exerted a bending force of 20 mN. The subjects were instructed to ignore the initial pricking
sensation and only judge the magnitude of any itch that occurred. An area of hyperknesis was
marked out within which the subject reported noticeably enhanced itch over that elicited in
normal conditions.

Once mapping of the dysesthetic regions was completed, the borders of any skin reaction
consisting of a wheal, a raised edematous region, or an area of redness (neurogenic flare), were
drawn on the skin. Occasionally, an inactive cowhage spicule produced a minute region of
redness or edema of the order of 1 – 2 mm in diameter. A skin reaction was required to have
a minimum diameter of 0.5 cm for a wheal and 1 cm for flare to be included in the analyses.
A digital camera was used to photograph the areas of dysesthesias and skin reactions associated
with a spicule after each test.
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2.5. Data Analyses
Magnitudes of sensory ratings were logarithmically transformed to achieve normality and a
value of 1.0 was added to each score to avoid the presence of any zeros. From the ratings of
each sensory quality for each subject, the logarithmic values of the following parameters were
obtained: The latency of onset of sensation (onset of nonzero ratings), the peak magnitude of
the ratings, the time from the onset of sensation to the peak, the duration of sensation (time
between onset of sensation and the first of the three consecutive ratings of zero or until the 20
min period allotted for ratings had elapsed) and the area under the rating curve (AUC). For
each parameter pertaining to the ratings of each sensory quality, a mean log value was obtained.
Except for the peak magnitude, data for the other parameters were only included for sensory
qualities that were rated as barely detectable or greater.

For each sensory quality, a linear regression was computed between the log concentration of
capsaicin (or histamine) and the mean value of each parameter. The parameter was considered
to be dependent on concentration of a chemical if the slope of the regression line was
significantly different from zero. Correlations between data sets were calculated using the
Pearson coefficient of correlation.

For each sensory quality and response parameter, the differences between means obtained with
native cowhage, 200 mg/ml capsaicin and 10 mg/ml histamine spicule were compared using
one-way ANOVAs. Bonferroni post hoc tests for multiple comparisons were performed to
determine the significance of differences between means of individual groups.

The significance of the relationship between the incidence of a given dysesthesia, a wheal, or
a flare, and the concentration of capsaicin or histamine was determined using a logistic
regression analysis. Fisher’s exact test was used to determine the significance of the
associations of the incidence of a type of dysesthesia or type of skin reaction and the type of
chemical delivered, i.e. capsaicin, histamine and cowhage.

Image J software (obtained from the National Institute of Health) was used to measure the areas
of each type of dysesthesia and skin reaction outlined in the digitized pictures of the skin
surrounding each spicule.

For each statistical test, the criterion for significance was a probability value of less than 0.05.
GraphPad Prism 4.03 software (GraphPad Software, San Diego, CA) was used to perform all
calculations. Data are presented as means ± S.E.Ms.

3. Results
3.1 Effects of the concentration of capsaicin on the incidence, magnitude and time course
of itch and nociceptive sensations

No subject reported any sensation in response to an inactive spicule soaked in vehicle (80%
ethanol). In contrast, spicules treated with the concentrations of 200 and 50 mg/ml of capsaicin
evoked one or more sensations in all subjects tested. Spicules soaked in 10 and 1 mg/ml of
capsaicin failed to produce any sensations in 2 and 4 subjects, respectively. These observations
appear to reflect local variations in the availability or the sensitivity of capsaicin-sensitive nerve
fibers in the skin. A high concentration of capsaicin is likely to diffuse over a larger area than
a lower concentration and increase the probability of activating one or more fibers.

All concentrations of capsaicin elicited itch accompanied by pricking/stinging and burning
(Fig. 1A–C). The temporal profile of the perceived intensity was similar for each quality, each
reaching peak magnitude within the first minute and then decreasing more slowly over time.
Of the 21 subjects tested with capsaicin, the number of subjects reporting itch (and pricking/
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stinging) in order of increasing concentration from 1 to 200 mg/ml was 15 (and 17), 19 (19),
19 (21), and 20 (21). Three of the subjects experienced nociceptive sensations (pricking/
stinging or burning) without itch. Two of these subjects reported only nociceptive sensations
with a spicule containing 50 mg/ml capsaicin, but rated both itch and nociceptive sensations
at other concentrations. The third subject reported only nociceptive sensations with the highest
concentration of capsaicin (200 mg/ml). The sensation of burning was usually rated as lesser
in magnitude than the other two sensory qualities. The number of subjects reporting burning
in response to increasing concentrations of capsaicin from 1 to 200 mg/ml, respectively, were
9, 10, 9 and 17.

Linear regressions were used to study the relationships between the concentration of capsaicin
and the log peak magnitude, log duration and the log area under the rating curve (AUC). The
slopes of the regression lines were significantly different from zero for each measurement of
itch and pricking/stinging but not for any measurements of burning. Thus, the magnitude and
duration of itch and pricking/stinging significantly increased with the concentration of
capsaicin.

There were no significant differences, due to concentration, in the latency of onset of sensation
or the latency to the peak magnitude of itch, pricking/stinging or burning.

3.2 Effects of the concentration of histamine on the incidence, magnitude and time course
of itch and nociceptive sensations

Subjects reported no sensations in response to an inactive spicule soaked in the vehicle of
double-distilled water. Each concentration of histamine elicited qualities of sensations similar
to those evoked by capsaicin (Fig 3A–C). The mean perceived intensities of itch and pricking/
stinging were virtually identical and each greater than the perceived intensity of burning.
Sensations were evoked in all subjects tested with 10 and 100 mg/ml histamine spicule.
However, for spicules treated with 1, 0.1 and 0.01 mg/ml of histamine, no sensations were
produced in 3, 5 and 10 subjects, respectively. One subject reported experiencing the sensation
of itch but no pricking/stinging or burning with each histamine spicule. In ascending order of
concentration delivered, the number of subjects reporting itch (and pricking/stinging) were 11
(and 8), 16 (15), 18 (17), 21 (19) and 21 (17). The corresponding numbers of subjects reporting
burning were 4, 8, 7, 10 and 12. Thus, the number of subjects reporting one or more qualities
of sensation increased with the concentration of histamine. In addition, the results indicate the
possibility of regional variations in the sensitivity of histamine-sensitive fibers in the skin or
in their proximity to the histamine spicule.

Linear regression lines were plotted for log histamine concentration and the following response
variables: log peak magnitude, log duration and log AUC (Fig. 4). For both itch (Fig. 4A – C)
and pricking/stinging (Fig. 4D – F), there was a significant increase in the peak magnitude,
duration and AUC with increases in the concentration of histamine. Similarly, there was a
corresponding significant increase in the peak magnitude and AUC for burning. In contrast,
there was no significant change in duration of burning or in the latency of onset, or the latency
from onset to the peak magnitude, of itch, pricking/stinging or burning as a function of the
concentration of histamine.

3.3 Comparison of sensations evoked by capsaicin and histamine with those elicited by
native cowhage

Similar to capsaicin and histamine spicules, native cowhage spicules evoked a predominant
sensation of itch in confirmation results obtained from a separate group of subjects tested with
single or multiple, native cowhage spicules [10]. One subject reported only itch and no
pricking/stinging or burning sensation. This same subject also reported only itch in response
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to all concentrations of histamine but reported nociceptive sensations (pricking/stinging and
burning) in addition to itch in response to capsaicin. 21, 20 and 12 subjects reported itch,
pricking/stinging and burning respectively. The mean log peak magnitude of sensation for all
subjects tested with cowhage was not significantly different for itch, pricking/stinging, and
burning (one-way ANOVA). The mean log duration and mean log AUC were each significantly
greater for itch than for burning though not significantly different between itch and pricking/
stinging (one-way ANOVA and Bonferroni posthoc tests).

The rating curves obtained in response to each concentration of histamine and capsaicin were
examined to determine the lowest concentration of each chemical that evoked sensations that
were similar to those elicited by cowhage. The sensations evoked by cowhage were found to
be similar in magnitude and time course to sensations elicited by spicules soaked either in 200
mg/ml of capsaicin or 10 mg/ml of histamine (Fig. 5). For each of the three sensory qualities,
the mean log values of peak magnitude, duration, and AUC were not significantly different for
the three chemicals (p> 0.05, one way ANOVA). Thus, capsaicin and histamine at
concentrations equipotent to a native cowhage spicule produced sensory qualities of similar
magnitude and duration.

The present findings suggest an order of magnitude greater potency of histamine over capsaicin.
Yet, in studies using electrophysiology and calcium imaging techniques, it has been shown
that when applied directly to cells, capsaicin is more potent than histamine in eliciting
membrane depolarization [18,21,27]. Perhaps this is explained by the higher water solubility
of histamine compared with capsaicin when each is applied by spicule to the skin. Its higher
water solubility may facilitate the transport of histamine from the spicule to the target site and
allow a greater volume of tissue to be stimulated.

3.4 Distribution of categories assigned to the peak magnitude of sensations evoked by
capsaicin, histamine and cowhage

The peak magnitudes of sensations evoked by spicules containing 200 mg/ml of capsaicin, 10
mg/ml of histamine, and native cowhage were grouped according to the corresponding category
labels of perceived intensity presented on the gLMS scale. Each category included values below
and equal to those assigned for perceived intensity labels marked on the gLMS scale. For
example, Barely detectable (BD, ≤1) included values between zero and 1: Weak (WK, >1≤6)
included values greater than 1 but less than or equal to 6. The sensations of itch and pricking/
stinging presented similar distributions of categories for the three spicules and peaked at
“moderate”. The category most often chosen by subjects to describe burning was either “barely
detectable” for histamine and cowhage (Fig 6B–C) or “weak” to “moderate” for capsaicin
spicule (Fig 6A). Thus, burning was a less reliable and less frequently used quality compared
with itch or pricking/stinging to describe sensations evoked by each of the three chemical
stimuli.

The present finding that similar nociceptive sensations were evoked by a histamine spicule and
a cowhage spicule differs from the anecdotal reports in previous studies in which histamine
was applied by iontophoresis. These have reported an “almost pure” itch sensation
(Handwerker et al. 1991) or a “purer” itch than that evoked by cowhage spicules (Namer et al.
2008). However, in those studies, subjects were not instructed to make direct comparisons of
different qualities of sensation nor is it clear how sensory ratings may have differed according
to the method of chemical delivery (iontopohoresis vs. spicule). These technical difficulties
were overcome in the present study in which different chemical agents were applied in the
same way, via the tip of a single spicule, and the subjects were instructed to judge the magnitude
and time course of itch and nociceptive sensations using the same labeled magnitude scale
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3.5 Cutaneous dysesthesias
One or more types of dysesthesias sometimes accompanied the sensations evoked by the single
chemically-soaked spicules as illustrated for one subject in Fig. 7a. Not all subjects reporting
itch and nociceptive sensations exhibited dysesthesias. However, one or more dysesthesias
were only observed when a spicule produced a sensation of itch regardless of whether there
was also a nociceptive sensation. Subjects tested with an inactive cowhage spicule soaked in
vehicle reported neither sensations nor dysesthesias.

3.5.1 Effects of the concentration of capsaicin on the incidences and the areas
of dysesthesias—For each type of dysesthesia, the incidence of its occurrence (Table 1)
was analyzed as a function of the concentration of capsaicin using logistic regression analysis.
The incidence of alloknesis, hyperknesis, and hyperalgesia each increased significantly with
the concentration of capsaicin. For example, alloknesis was reported by only 9.5% of the total
subjects in response to 1 mg/ml of capsaicin but by 42.9% in response to 200 mg/ml (Table
1).

There was no significant effect of the concentration of capsaicin on the area of each type of
dysesthesia. Regression lines plotted for log capsaicin concentration and log areas of alloknesis,
hyperknesis and hyperalgesia had slopes that did not significantly differ from zero. For
example, the areas (cm2) of hyperalgesia measured with 1, 10, 50 and 200 mg/ml capsaicin
spicule were 4.6 ± 1.1, 10.7 ± 4.4, 3.5 ± 1.2 and 7 ± 2.1, respectively. Thus, the incidences of
dysesthesias but not their areas were dependent on capsaicin concentration. Additionally, no
significant relationship existed between the peak magnitudes of itch, pricking/stinging or
burning evoked by the various concentrations of capsaicin and the areas of alloknesis,
hyperknesis or hyperalgesia in correlation analyses.

3.5.2 Effects of the concentration of histamine on the incidences and areas of
dysesthesias—Logistic regression analyses were used to determine the significance of the
relation between the incidence of alloknesis, hyperknesis and hyperalgesia (Table 1) and the
log concentration of histamine. There was a significant relation between the concentration of
histamine and the incidence of alloknesis, hyperknesis, and hyperalgesia. Thus, higher
concentrations of histamine were more likely than a lower concentration to produce a
dysesthesia. For example, alloknesis was exhibited by only 4.8% of the total subjects in
response to 0.01 mg/ml of histamine and by 57.1% in response to 100 mg/ml (Table 1).

The log mean area of each type of dysesthesia was obtained in response to each concentration
of histamine. The slope of the regression lines (log mean area vs. log concentration) was
significantly different from zero for alloknesis and for hyperknesis but not for hyperalgesia.
For example; the areas of hyperknesis (cm2) evoked by 0.01, 0.1, 1, 10 and 100 mg/ml
histamine were: 3.8 ± 1.1, 4.7 ± 2.5, 12.2 ± 4.5, 15.2 ± 3 and 13.1 ± 2.6, respectively.
Additionally, a significant correlation was observed between the peak magnitude of itch
obtained for the various concentrations of histamine and both the area of alloknesis (Pearson
r =0.21, p< 0.05) and the area of hyperknesis (Pearson r =0.25, p< 0.05). Thus, the incidences
and the areas of alloknesis and hyperknesis but not hyperalgesia were dependent on the
concentration of histamine.

3.5.3 The incidences and areas of dysesthesia produced by native cowhage
were similar to those produced by certain concentrations of capsaicin and
histamine—For each type of dysesthesia, the incidence and the mean area (with one
exception) obtained in response to native cowhage did not significantly differ from those
evoked by 200 mg/ml of capsaicin and 10 mg/ml of histamine (incidence: Fisher’s exact test,
Table 1; area: ANOVA, Fig 7B–D). The exception was that the mean area of alloknesis (Fig.
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7B) was significantly greater for cowhage than for capsaicin although not significantly different
between histamine and cowhage or between histamine and capsaicin (one-way ANOVA and
Bonferroni’s Multiple Comparison Test).

No dysesthesias were reported in the absence of itch and/or nociceptive sensations. A sensation
of itch, which was typically accompanied by pricking/stinging and/or burning, was required
to produce a dysesthesia. But a dysesthesia did not invariably accompany an intense magnitude
of itch, pricking/stinging or burning sensation (s). For example, 3 subjects that rated itch as
moderate to very strong (7 ≤ 53) presented no areas of dysesthesias with a 200 mg/ml capsaicin
spicule. In contrast, one subject that rated itch to a 200 mg/ml capsaicin spicule as weak
exhibited areas of hyperknesis and hyperalgesia in the range of 25–39 cm2. Hence, large areas
of dysesthesias could exist for spicules evoking barely detectable to weak sensations.
Alternatively, sensations rated as moderate to very strong may be accompanied by small areas
of dysesthesias or none at all.

3.6.1 Skin reactions produced by capsaicin, histamine and cowhage—Cowhage
and capsaicin never evoked a wheal. Only histamine, in concentrations of 1 mg/ml or greater,
was capable of eliciting a wheal (Fig. 8B). For concentrations of 1, 10 and 100 mg/ml, the
mean areas of the wheal were calculated (range 0.22–0.67 cm2). Linear regression lines for
log area vs. log concentration had slopes that did not significantly differ from zero suggesting
no effect of concentration.

Both capsaicin and histamine were capable of eliciting a flare (Fig. 8C). For both chemicals,
there was a significant effect of the concentration on the incidence of the flare (Table 1 and
logistic regression analyses). In contrast there was no significant effect of the concentration of
either chemical on the area of the flare (which exhibited a range of 0.85 to 5.2 cm2 for capsaicin
and 1 to17.1 cm2 for histamine). Regression lines for log area vs. concentration had slopes that
were not significantly different from zero.

For cowhage and for the different concentrations of capsaicin, there were no significant
correlations between the area of flare and the peak magnitude of itch, pricking/stinging or
burning. In contrast, for the various concentrations of histamine delivered, the area of flare
significantly correlated not only with the peak magnitude of itch (Pearson r = 0.26, p< 0.01)
but also with the peak magnitude of pricking/stinging (Pearson r = 0.25, p< 0.01) and burning
(Pearson r = 0.3, p< 0.01). Nevertheless, not only capsaicin and cowhage but also histamine
was capable of eliciting a weak-to-strong itch in the absence of a flare. One subject exhibited
no visible flare in response to histamine despite perceiving a strong itch at the highest
concentration. Thus, the sensations were likely to be mediated by neural mechanisms
independent from those controlling the flare.

3.6.2 Histamine produced skin reactions with higher incidences than capsaicin
or cowhage—The incidence of a flare was compared for the concentrations of capsaicin and
histamine (200 and 10 mg/ml, respectively) that produced sensations comparable to those
evoked by a native cowhage spicule. For cowhage and these concentrations of capsaicin and
histamine, the percentage of subjects exhibiting a flare were significantly different at 14.3,
28.6, and 71.4, respectively (Fisher’s exact test, and Table 1). In contrast, the areas of flare
produced by cowhage and these concentrations of capsaicin and histamine were not
significantly different (one-way ANOVA, Fig 8E).

4. Discussion
The central finding of the study is that a single spicule containing capsaicin or histamine can
elicit the same pruritic and nociceptive sensations and dysesthesias as native cowhage. In
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addition, for both histamine and capsaicin, the magnitude and duration of itch and pricking/
stinging sensations (but not the dysesthesias) were concentration-dependent. There were
differences in the skin reactions produced by histamine and capsaicin or cowhage. A wheal
occurred only in response to histamine, indicating that this chemical reached the vascularized
dermis to produce protein extravasation. And, the incidence of a neurogenic flare was higher
for histamine than for capsaicin or native cowhage. But despite such differences in skin
reaction, the similar pruritic and sensory effects produced by the punctate application of each
chemical by means of a spicule suggest the possible activation of a common subset of peripheral
sensory fibers or common central mechanisms that produce similar qualities of sensation and
types of dysesthesias.

In humans and monkeys, the nociceptive afferent peripheral nerve fibers responsive to pruritic
chemicals (pruriceptive afferents) can be broadly differentiated into two classes: those that are
mechanosensitive (MSAs), and those that are mechanically-insensitive (MIAs) [7,8,13,16,
17]. In general, the MIAs are more responsive to histamine than to cowhage whereas the reverse
is true for MSAs [8,13,16]. For example, the responses of certain MIAs to iontophoresis of
histamine are stronger, and provide a better match to the time course of itch, than the responses
of the polymodal nociceptor MSAs [16]. Under such conditions, histamine induced itch would
not appear to require the activation of these MSAs. Similarly, an injection of capsaicin activates
certain MIAs more vigorously than MSAs with polymodal nociceptors [3,11,15].

In the present study, in those instances where a flare was produced, either by histamine,
capsaicin, or cowhage, MIAs were likely to have been activated. MIAs are thought to mediate
the flare [14]. In contrast, a spicule of histamine, capsaicin or cowhage was capable of eliciting
itch and nociceptive sensations in the absence of a visible flare. The absence of a visible flare
does not exclude the possibility that MIAs were activated. Conversely, a correlation between
the flare area and itch for histamine spicules does not exclude the involvement of MSAs.
Although in a recent study histamine soaked spicules failed to stimulate MSAs, the negative
finding was based on tests of only 5 MSAs with polymodal nociceptors [13]. Nevertheless, it
is reasonable to hypothesize that MIAs account for the itch and nociceptive sensations evoked
by spicules containing histamine and possibly even capsaicin whereas MSAs mediate the same
sensations elicited by spicules containing cowhage regardless of whether a flare occurs. If this
is the case, it is interesting that a predominant activation of MIAs by histamine or by capsaicin
and of MSAs by cowhage produce comparable itch and nociceptive sensations. Alternatively,
it is conceivable that all three pruritic agents, when delivered by spicule, elicit itch and
nociceptive sensations primarily by activating pruriceptive MSAs, sometimes with parallel
activation of MIAs. An additional hypothesis is that sensations such as itch and pricking/
stinging and the types of dysesthesia elicited by the activation of MSAs or MIAs depend on
the types of second order neurons to which they project [10].

In the present study, capsaicin elicited itch accompanied by pricking/stinging and burning as
did histamine and native cowhage. The findings with cowhage are consistent with recent
observations that there was a positive rather than an inverse correlation between the magnitude
and duration of itch and the magnitude and duration of nociceptive sensations evoked by single
or multiple spicules [10]. Similarly, itch has been reported to co-exist with nonpainful
nociceptive sensations produced when capsaicin was topically applied to the skin of the forearm
[6]. Yet when hypodermically injected into the skin, capsaicin produces pain and not itch
[11,24]. It is possible that the punctate delivery of capsaicin by means of a spicule or by topical
application may activate pruriceptive afferents, whereas its intradermal injection may activate
MIAs, such as the C-heat nociceptive afferents [3,15] that may be “nociceptive
specific” (unresponsive to pruritic chemicals) and act centrally to inhibit itch. Additionally,
capsaicin delivered by intradermal injection may desensitize the same types of MSAs [3] that
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it activates when delivered in much smaller amounts via spicules. The mechanisms underlying
pruritic vs. nociceptive sensations produced by capsaicin require further investigation.

The responses of MSAs to cowhage and possibly to other pruritic chemicals applied by spicule
pose a dilemma for the coding of itch because such nociceptors respond to mechanical or heat
noxious stimuli that can elicit pain in the absence of itch and, indeed, may act to suppress an
ongoing itch as evidenced by the effects of scratching. Again, one possibility to pursue in future
investigations is that such noxious stimuli activate additional nociceptive specific afferents that
mediate pain and act centrally to suppress itch.

Three types of mechanically induced dysesthesias are evoked by an intradermal injection of
histamine [1,23], or by the application of cowhage spicules [10,12,20]: Alloknesis, defined as
itch to light stroking of the skin, hyperknesis, and hyperalgesia, defined respectively as
enhanced itch and pain to punctate mechanical indentation of the skin. The present study
extends these findings with the observations that all three types of dysesthesias can be evoked
by a punctate (spicule) chemical application not only of histamine but also of capsaicin. In
contrast, when injected intradermally, capsaicin evokes allodynia, not alloknesis, to light
stroking and hyperalgesia, but not hyperknesis, to punctate mechanical stimulation. Thus,
alloknesis and hyperknesis may be evoked by a chemical irritant that evokes itch, even if
accompanied by nociceptive sensations, whereas allodynia and hyperalgesia, in the absence of
alloknesis and hyperknesis, may be elicited by an irritant that evokes pain in the absence of
itch. Available evidence suggests that a central, rather than peripheral, neuronal sensitization
contributes to the allodynia and hyperalgesia produced by an intradermal injection of capsaicin
[11,24]. But further study is required to determine whether a similar mechanism might apply
to the dysesthesias induced by pruritic chemical stimulation.

Neither the areas of dysesthesia nor the area of flare increased with the concentration of
capsaicin in a spicule. In contrast, when capsaicin was hypodermically injected into the skin,
a flare and an area of allodynia were evoked and the areas of each increased with the dose of
capsaicin [24]. But the areas evoked by injection were significantly larger than those elicited
by a capsaicin spicule. This may be explained by the amount of capsaicin used in the two
studies, namely, micrograms with the injections and picograms to lower nanograms with
spicules. It is possible that an effect of concentration on the area of flare might have occurred
if the spicules could have been made to deliver higher concentrations of capsaicin (> 200 mg/
ml) (but see methods).

The area of flare and the areas of alloknesis and hyperknesis each increased with the
concentration of histamine applied by spicule. Similarly, the areas of flare and alloknesis
increased with the dose of histamine hypodermically injected into the skin [23,25]. Similar to
the effects of capsaicin, the areas of alloknesis and flare applied by a spicule were considerably
smaller than those evoked when histamine was injected, possibly due to differences in the
amount of chemical delivered. The areas of flare, and also of the wheal, produced in the present
study were comparable to those reported when histamine was pricked into the skin [4]. A
pricking of the skin might be expected to deliver an amount of chemical more comparable to
that delivered by a spicule than by injection.

There was a correlation between the areas of alloknesis or hyperalgesia evoked by a histamine
spicule and the peak magnitude of itch. In contrast, no such correlation was found between the
areas of any type of dysesthesia and the peak magnitudes of itch or nociceptive sensations in
response to capsaicin or native cowhage. In addition, there were occasions when the peak itch
evoked by histamine, capsaicin or cowhage was rated as strong or very strong without the
occurrence of any type of dysesthesia. Conversely, although no dysesthesias were reported in
the absence of a spicule evoked itch, the areas of dysesthesia evoked by one or another type
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of spicule were occasionally substantial despite the presence of only a barely detectable or
weak itch. These results suggest that the neural mechanisms responsible for dysesthesias may
be different from those mediating the sensations [10].

In conclusion, a single spicule is an effective means of delivering an exceptionally small
amount of chemical to a punctate region of skin. A spicule containing capsaicin or histamine
produced similar qualities and magnitudes of sensations and associated dysesthesias as native
cowhage, with or without a flare that is known to be mediated by mechanically insensitive
peripheral nerve fibers. The similar pruritic and sensory effects produced by the punctate
application of each chemical by means of a spicule suggest the possible activation of a common
subset of peripheral nerve fibers or common central mechanisms that result in similar qualities
of sensation and types of dysesthesias.
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Fig. 1.
Time course of the perceived intensity of itch and nociceptive sensations evoked by different
concentrations of capsaicin. Mean ratings of the perceived intensity of itch (A), pricking/
stinging (B), and burning (C) were obtained at successive intervals of 30 sec in response to the
indicated concentrations of capsaicin.
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Fig. 2.
Effects of the concentration of capsaicin on the magnitude and duration of itch and pricking/
stinging. Linear regressions for logarithmic (Lg) values of concentration and the peak
magnitude (“Lg peak mag”), duration (Lg duration in minutes, m), and area under the rating
curve (Lg AUC) for itch (A, B, and C, respectively) and pricking/stinging (D, E, and F). Dashed
lines provide 95% confidence limits. The slope of each line was significantly different from
zero (see main text). Significant slopes were not obtained for burning (data not shown).
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Fig. 3.
Time course of the perceived intensity of itch and nociceptive sensations evoked by a spicule
containing different concentrations of histamine. Mean ratings of the perceived intensity of
itch (A), pricking/stinging, (B) and burning (C) were obtained at successive intervals of 30 sec
in response to each indicated dose of histamine.
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Fig. 4.
Effects of the concentration of histamine on the magnitude and duration of itch, pricking/
stinging, and burning. Linear regressions for logarithmic (Lg) histamine concentrations and
logarithmic (Lg) values of the mean peak magnitude (“Lg peak mag”), duration (“Lg duration”
in minutes, m), and AUC (Lg AUC) for itch (A, B, and C, respectively), pricking/stinging (D,
E, and F), and burning. With the exception of the duration of burning, the slope of each line
was significantly different from zero (see main text).
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Fig. 5.
Comparison of itch and nociceptive sensations evoked by capsaicin, histamine and native
cowhage. The doses of capsaicin (A) and histamine (B) (200 and 10 mg/ml, respectively) were
selected as the lowest concentrations required to produce sensations comparable in overall
magnitude to those evoked by cowhage (C).
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Fig. 6.
Distributions of the categories on the gLMS scale chosen by 21 subjects to represent the
sensations of itch, pricking/stinging and burning in response to capsaicin (200 mg/ml),
histamine (10 mg/ml), and native cowhage (A, B, and C, respectively). Data presented are same
as those used to calculate average responses in Fig. 5. The labels correspond to the following
categories and numerical values on the gLMS scale: barely detectable (BD, ≤ 1), weak (WK,
>1≤6), moderate (MD, >6≤17), strong (ST, >17≤35), very strong (VS, >35≤53) and greater
than very strong (>VS, >53).
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Fig. 7.
The areas of dysesthesia evoked by a spicule containing native cowhage, capsaicin or
histamine. A: Areas of each type of dysesthesia evoked in a subject given a single spicule of
100 mg/ml histamine. The mean areas of dysesthesia obtained in response to capsaicin (200
mg/ml), histamine (10 mg/ml) and native cowhage spicule are indicated for alloknesis (B),
hyperknesis (C) and hyperalgesia (D).
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Fig. 8.
The areas of skin reactions evoked by histamine, capsaicin and cowhage. A: Skin reactions
produced in a subject by capsaicin (200 mg/ml) and histamine (10 mg/ml) but not by cowhage.
Areas of wheal (B) and flare (C) reported in individual subjects tested with a capsaicin (200
mg/ml), histamine (10 mg/ml) and cowhage. Cowhage and capsaicin never evoked a wheal.
D–E: Mean areas of wheal and flare obtained in response to each type of spicule.
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