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Subcutaneous Botulinum toxin type A reduces capsaicin-induced trigeminal
pain and vasomotor reactions in human skin
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The present human study aimed at investigating the effect of subcutaneous administration of Botulinum
toxin type A (BoNT/A) on capsaicin-induced trigeminal pain, neurogenic inflammation and experimen-
tally induced cutaneous pain modalities. Fourteen healthy males (26.3 + 2.6 years) were included in this
double-blind and placebo-controlled trial. The subjects received subcutaneous BoNT/A (22.5 U) and iso-
tonic saline in the mirror sides of their forehead. Pain and neurogenic inflammation was induced by four
intradermal injections of capsaicin (100 pg/uL) (before, and days 1, 3 and 7 after treatments). The capsa-
icin-induced pain intensity, pain area, the area of secondary hyperalgesia, the area of visible flare and
vasomotor reactions were recorded together with cutaneous heat, electrical and pressure pain thresh-
olds. BoNT/A reduced the capsaicin-induced trigeminal pain intensity compared to saline (F=37.9,
P<0.001). The perceived pain area was smaller for the BoNT/A-treated side compared to saline
(F=7.8, P<0.05). BoNT/A reduced the capsaicin-induced secondary hyperalgesia (F=5.3, P<0.05) and
flare area (F=10.3, P<0.01) compared to saline. BONT/A reduced blood flow (F;,s=109.5, P<0.001)
and skin temperature (F; ;6 =63.1, P<0.001) at the capsaicin injection sites compared to saline and its
suppressive effect was maximal at days 3 and 7 (P < 0.05, post hoc test). BONT/A elevated cutaneous heat
pain thresholds (F=17.1, P<0.001) compared to saline; however, no alteration was recorded for electri-
cal or pressure pain thresholds (P > 0.05). Findings from the present study suggest that BONT/A appears to
preferentially target Cfibers and probably TRPV1-receptors, block neurotransmitter release and subse-
quently reduce pain, neurogenic inflammation and cutaneous heat pain threshold.
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1. Introduction

Botulinum toxin type A (BoNT/A) is one of the seven serotypes
(A-G) of botulinum neurotoxins derived from Clostridium botu-
linum [38]. BoNT/A inhibits the release of acetylcholine at neuro-
muscular junctions, which causes a flaccid paralysis of affected
muscles. Its pharmacological action is through the cleavage of
SNAP-25 (synaptosome-associated protein of 25kDa) in motor
nerve terminals [23,41]. BoNT/A also affects other cholinergic syn-
apses in salivary [34] and sweat glands [46] and it is used for glan-
dular hyperactivity.

BoNT/A has been beneficial in number of diseases or conditions
with unwanted muscle hyperactivity, e.g. spasticity, dystonia and
drooling [25,39,55]. Patients treated with BoNT/A for such condi-
tions also noted a remarkable reduction of pain [12,55]. Since then,
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the analgesic effects of BONT/A have been investigated in multiple
forms of pain, e.g. headache disorders. A recent review [47] indi-
cated an overall negative results from randomized, controlled trials
on the effect of BONT/A for the most common primary headaches.
In those studies, the prospectively defined primary endpoints were
not met, but secondary outcomes were positive in some of the
studies [19,35,45,47,50,51].

Research into the effects of BONT/A in headache field is ongoing,
which may be due to the idea that BONT/A may still be considered
as an option for subgroups of patients. To predict who will benefit
from the injections is yet unknown.

To explore the mechanism of potential analgesic action of the
BoNT/A, several studies have been conduced. In vitro studies have
shown the inhibitory effect of BONT/A on proinflammatory neuro-
peptides release [36,43,58]. Aanimal investigations have also dem-
onstrated antinociceptive action of BoNT/A in both inflammatory
and neuropathic pain models [7,16,33,40]. Several experimental
studies have examined the analgesic effects of BONT/A in healthy
volunteers with discrepant results. Blersch et al. [10] and Voller
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et al. [57] found no effect of BONT/A on electrical and heat pain
thresholds in human skin. The study by Krdamer et al. [30] also
failed to detect any antinociceptive or antihyperalgesic effect of
BoNT/A in an electrically induced pain model. However, a reduc-
tion of the neurogenic flare was observed. In an Ultraviolet B pain
model no analgesic or anti-inflammatory effect of BONT/A was seen
[53]. In contrast to the above-mentioned studies, we showed that
intramuscular BoNT/A inhibits the capsaicin-evoked pain and neu-
rogenic vasodilatation in human skin mostly due to toxin leakage
to the skin in the forehead [21]. Tugnoli et al. [56] showed pain
and flare reduction in the forearm skin; however, such result could
not be repeated by Schulte-Mattler et al. [48] in a similar model.

To further investigate the mechanism(s) underlying the action
of BoNT/A, the present study was designed to clarify the modality
specific analgesia and blocking profile on different nerve fiber pop-
ulations in human skin. The time course of the effects following the
application of BoNT/A were also addressed up to 1 week after the
injection.

The novelty of this study is to investigate if subcutaneous BoNT/
A has specific analgesic action on particular cutaneous pain modal-
ities and also to explore how fast the subcutaneous BoNT/A acts in
the human skin.

2. Methods
2.1. Subjects and design

Volunteers were recruited through local announcements at Aal-
borg University, Denmark. Sixteen healthy right-handed males
were screened and fourteen (23-32 yr, mean + SD 26.3 £ 2.6 years)
were included. A lack of personal interest and a state of illness

were recorded as reasons for the two screen-failures. Initial screen-
ing involved recording of demographic information, review of
medical history and a physical examination. Subjects were ex-
cluded if they had previous or present systemic, skin or neuromus-
cular diseases, psychiatric disorders or a history of severe allergy.
Volunteers were asked to refrain from the use of any medication,
and restrict the use of alcohol and caffeine. Participants were fully
informed about the goal, procedure and safety aspects of the study
and written informed consent was obtained from all of them prior
to the start of the study.

The study was designed as a randomized, double-blind and pla-
cebo-controlled trial and was approved by the regional Ethics
Committee (Counties of Nordjylland and Viborg, Denmark; VN-
20060026), the Danish Medicines Agency (2612-3160) and the
Danish Data Protection Agency. The study was carried out in accor-
dance with the Good Clinical Practice (GCP) guidelines and the
Declaration of Helsinki. Any adverse events were recorded by the
investigator according to the guidelines of GCP.

The study was performed at the research laboratories of Aalborg
Hospital and Aalborg University, Denmark.

Each subject participated in five visits after screening/recruit-
ment as shown schematically in Fig. 1A. Subjects were randomized
to receive placebo (saline) or BoNT/A in left or right side of their
foreheads at the research laboratory at Aalborg Hospital, which is
equipped with all facilities in case of emergencies or severe
reactions.

It is known that the effect of botulinum injections on nearby
skin wrinkles makes it difficult to mount a truly blinded study.
However, we designed the study in such a way that the study nurse
who did the randomization and prepared the syringes did not take
part in the injection and measurement procedures. The injection

BOTOX® or saline
injections
Visits Pre-Treatment 24 h Day 1 Day 3 Day 7 _
Capsaicin injection Capsaicin injection Capsaicin injection Capsaicin injection
Sensory/Vasomotor Sensory/Vasomotor Sensory/Vasomotor Sensory/Vaso motor
assessments assessments assessments assessments

Fig. 1. (A) Simplified experimental design representing visits and injections. (B) Schematic injection sites for BONT/A and saline. Filled circles show capsaicin injection sites
and unfilled circles represent BoNT/A or saline injection sites (two injections above the frontalis muscle and one injection above the corrugator muscle at either side for each

treatment).
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syringes were prepared in such a way that the physician (NP) per-
forming the injections could not recognize whether saline or BoNT/
A was injected. Subjects and investigator (PG) were also blinded for
the BoNT/A/saline side during the whole study. Additionally, after
treatments, the subjects were asked to guess the BoNT/A-injected
side. Possible answers were “right”, “left” or “unknown”.

2.2. BoNT/A and saline injections

Each vial of BoNT/A (BOTOX®, Allergan Inc., Irvin, CA; 100 U/
vial) was reconstituted with non-preserved saline solution (0.9%),
as recommended by the manufacturer. BoNT/A (total dose
22.5U) was then injected in the forehead area subcutaneously
above the frontalis (two sites, each 7.5 U) and corrugator (one site,
7.5 U) muscles (Fig. 1B). The dose used in this study is in the range
of units used for headache treatments (i.e. 20-100 U, [6]). The
same volume of sterile physiological saline (0.9%) was injected in
the mirror forehead as control.

Electromyographic (EMG)-guided injections (Clavis™, Medtronic,
Copenhagen, Denmark) with disposable hypodermic needle elec-
trodes (Bo-ject™27G, Medtronic, Skovlunde, Denmark) were used.
This method [27] ensured that the injections were made in subcuta-
neous and not into the muscles to avoid muscular effect of BONT/A. It
has been reported that BoNT/A diffuses within 1.5-2 cm radius [11]
and small doses of BONT/A minimizes the spread of the toxin to the
underlying muscles [52]. Thus, we expected a small local area of tox-
in spreading in the skin after its subcutaneous injections.

Subjects were rested in a supine position on a bed during the
injections. Prior to all injections the skin was washed by soap and
water and dried. Alcohol was not used to prevent toxin deactivation.

2.3. Capsaicin pain model

The capsaicin pain model and related measurements were per-
formed in a quiet laboratory at Aalborg University (mean temper-
ature + SD: 21.0 + 1.0 °C) equipped with Epipen® 0.3 mg (Meridian
Medical Techn. Inc. St. Louis, USA), in case of anaphylactic reaction.

Capsaicin (100 pg/0.1 ml, vehicle consisted of 1% Tween 80, 1%
ethanol and 98% physiological saline, Aalborg Hospital Pharmacy,
Aalborg, Denmark) was injected intradermally into the skin above
the frontalis muscle (Fig. 1B) at each visit, except the BoNT/A/saline
injection visit (Fig. 1A). Single use tuberculin syringes (1 ml), fitted
with 27-gauge disposable needles were used. Prior to capsaicin
injection, the skin was cleaned with alcohol and was allowed to
be completely dried before the needle insertion.

2.4. Assessments

2.4.1. Pain intensity and duration

Each volunteer rated the capsaicin-evoked pain sensation con-
tinuously using an electronic visual analogue scale (VAS) of 0 (no
pain) to 10 (worst pain imaginable). The pain intensity was rated
until the subjects indicated that they no longer felt any pain. The
data were sampled every second and recorded on the computer’s
hard disk for off-line analysis. The maximum pain intensity and
the duration of pain were calculated.

2.4.2. Pain area

Subjects were asked to outline their pain area on a standard
pattern of the human face. The distribution pattern was outlined
at the maximum pain sensation. The area was calculated later
(ACECAD, model D9000 + digitizer, Taiwan).

2.4.3. Flare
The area of flare reaction (the reddening of the skin around the
injection site) was measured by tracing the border of flare onto

transparent papers 5 min after the capsaicin injection. The area
was calculated later (ACECAD, model D9000 + digitizer, Taiwan).

2.4.4. Blood flow

The superficial blood flow was measured at the sites of injec-
tions using a laser Doppler imaging system (Moor Instruments, De-
von, UK). The device produces an output signal proportional to the
blood cell perfusion (or flux). The laser head was positioned 30 cm
above the measurement site. The scan region was 7.5 x 7.5 cm.
Measurements of blood flow were taken for 5 min prior to capsai-
cin injection and 5-10-20 min post injections. The mean blood
flow was calculated using relative flux (arbitrary units).

2.4.5. Skin temperature

Measurements of skin temperature were taken by means of a
thermography camera (ThermoVision A40-M, Flir systems AB,
Danderyd, Sweden). The pictures from whole face were taken for
5 min prior to capsaicin injection and 5-10-20 min post injections.
The temperature resolution of the device was 0.08 °C. Thermo-
graphic images were stored on computer’s hard disk for off-line
analysis of the profile and local changes of skin temperature.

2.4.6. The area of secondary hyperalgesia

The area of secondary hyperalgesia was assessed when the capsa-
icin-induced pain was vanished. A handheld von Frey nylon monofil-
ament (Somedic’s Aesthesiometer No. 17, bending force 60.0 g,
Somedic Sales AB, Horby, Sweden) was used [15]. Volunteers were
asked to keep their eyes closed. Stimulation was started approxi-
mately 6 cm away from the site of injection and was repeated along
apattern of eight radial linear paths. With movement along each line
at steps of 1 cm with an interval of 2 s, the volunteers were asked to
report the sensation of the pricking changed to a “different sensa-
tion”, “unpleasant” or “burning pain”. The points were then marked
and traced on transparent sheets and the area was calculated.

2.4.7. Cutaneous heat pain threshold

Heat pain threshold was assessed by the method of limits [59].
A thermal sensory analyzer (TSA 2001, Medoc™, Ramat Yishai, Is-
rael) was used for application of heat. The computer controlled Pel-
tier thermode (size: 30 x 30 mm) was placed at the study site of
the forehead. The baseline temperature was set at 32.0 °C. The rate
of temperature change was +1 °C/s and the temperature range was
32-50 °C. The subjects were asked to press a button and stop the
increase of temperature at the first perception of unpleasant heat.
Each test was repeated two times and the mean was calculated for
further statistical analysis. There was a 2 min inter-stimulus inter-
val between each test.

2.4.8. Cutaneous electrical pain threshold

The stimulation was applied via a constant current stimulator
(Stimulus Isolator model A 365, World Precision Instruments, Inc,
Sarasota, Florida, USA). Disposable surface skin electrodes (Ambu
Neuroline 720 electrodes, Ambu A/S, Ballerup, Denmark) were
placed at the study site of the forehead to determine the electrical
pain threshold. The intensity of the electrical stimuli (in mA) was
raised (1 mA/s) until the subject reported the first sensation of
the current (sensation threshold). Then the current was increased
until the sensation changed to pricking-like pain (electrical pain
threshold).

Measurements were recorded two times in a 2 min interval and
the mean values were used for further statistical analysis.

2.4.9. Pressure pain threshold (PPT)

PPT measurements were performed with a hand-held algome-
ter (Somedic algometer, Somedic Sales AB, Hoérby, Sweden)
mounted with a 1-cm diameter circular rubber probe calibrated
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in kPa. To assess the PPT, the probe was held perpendicularly at the
frontalis muscles at the capsaicin injection site, and pressure in-
creased at a constant rate of 30 kPa/s. The PPT value where the sub-
ject felt the first change from pressure sensation to pain was
recorded. When PPT was reached, the volunteers were instructed
to press a button that froze the actual pressure on a digital display.
The mean of three measurements on each point with an interval of
2 min between the measurements was considered the PPT. The PPT
was determined at pre-injection and again 15 min after the capsa-
icin injection. The percentage of change was used for statistical
analysis.

3. Statistical analysis

All values are presented as mean and standard errors of the
mean (SE) in the text and figures.

Since each participant was exposed to both treatments and the
measurements performed at four time points; data were analyzed
with two-way repeated measures ANOVA (RM ANOVA) for two
factors of treatment (BoNT/A versus Saline) and trials (repeated fac-
tor: pre-treatment, days 1, 3 and 7). Holm-Sidak Test was used as
post hoc test.

When the Kolmogorov-Smirnov normality test failed, the data
were transformed logarithmically. To avoid the loss of zero values
in case of transformation, a constant of 0.1 was added to all raw
data (zero and non-zero values, [9]).
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Fig. 2. (A) Peak pain intensity (visual analogue scale (VAS) score in 0-10 cm) and
(B) duration of pain (min) following capsaicin-induced trigeminal pain in BoNT/A-
and saline-treated forehead. Indicates that BoNT/A induced a significantly lower
pain intensity (P < 0.001) and shorter duration of pain (P < 0.01) compared to saline.

Sigmastat version 3.0 (SPSS Inc., Chicago, US) was used for sta-
tistical evaluation and P < 0.05 was considered as significant.

4. Results

All subjects completed the study. No side effect, e.g. weakness in
the muscles or skin alteration following BoNT/A injections was re-
ported. Only one subject reported general tiredness for the first days
after BONT/A injection that was resolved before the last visit at day 7
without taking any action. This was not categorized as an adverse
event specific to BONT/A according to the guidelines of GCP.

Nine (64.3%) participants chose “unknown” and three (21.4%)
guessed the wrong side for the BoNT/A-injected side. Two partici-
pants (14.3%) could find the correct BONT/A-injected side at day 7.
Thus, the blinding procedure was successful.

4.1. Pain intensity and duration

BoNT/A reduced the capsaicin-induced trigeminal pain intensity
compared to saline (F; 39 = 37.9, P < 0.001). The effect was compara-
ble to saline at all time points after the treatments (P < 0.05, post hoc
test) (Fig. 2A). The duration of capsaicin-induced trigeminal pain
was shorter for the BoNT/A-treated side compared to saline
(F139=9.9,P<0.01)atdays 3 and 7 (P < 0.05, post hoc test) (Fig. 2B).

4.2. Pain area

Volunteers drew smaller areas of capsaicin-induced trigeminal
pain for BoNT/A- treated side compared to saline (Fj39=7.8,
P<0.05) at days 3 and 7 (P < 0.05, post hoc test).

The effect of the treatments (BoNT/A and saline) and trials on
capsaicin-induced trigeminal pain area (cm?) together with super-
imposed drawings on face-charts are shown in Fig. 3. BONT/A and
saline were given randomly to either side of the foreheads. To bet-
ter illustrate the distribution pattern of the pain, all BONT/A-in-
jected sides are superimposed in one side, regardless of the
actual side of the injection. Care was taken to correctly transfer
the direction of the pain spreading, where it was mirrored. The
same procedure was performed for saline.

4.3. The area of secondary hyperalgesia

The capsaicin-induced secondary hyperalgesia was reduced by
BoNT/A treatment compared to saline (F; 39 =5.3, P<0.05) at day
7 (P<0.05, post hoc test).

The effect of the treatments (BoNT/A and saline) and trials on
capsaicin-induced secondary hyperalgesia is illustrated by Fig. 4.

4.4. Flare area

BoNT/A reduced the capsaicin-induced flare area compared to
saline (Fy39=10.3, P<0.01) at days 1 and 3 (P < 0.05, post hoc test).
Fig. 5 illustrates the influence of treatment on capsaicin-induced
flare area (cm?) together with superimposed drawings on face-
charts. BoNT/A and saline were given randomly to either side of
the foreheads. To better illustrate the distribution pattern of the
flare, all BoNT/A-injected sides are superimposed in one side,
regardless of the actual side of the injection. Care was taken to cor-
rectly transfer the direction of the redness spreading, where it was
mirrored. The same procedure was performed for saline.

4.5. Blood flow
BoNT/A reduced the capsaicin-induced elevated blood flow

compared to saline (Fj,s=109.5, P<0.001) at days 3 and 7
(P<0.05, post hoc test). After BONT/A treatment the blood flow
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Fig. 3. Pain area (cm?) following capsaicin-induced trigeminal pain in BONT/A- and saline-treated foreheads. Superimposed face-charts of the capsaicin-induced trigeminal
pain areas at maximum pain sensation are shown for saline (top) and BoNT/A-treated sides (down). Indicates that BoNT/A significantly reduced capsaicin-induced trigeminal
pain areas compared to saline (P < 0.05).BoNT/A and saline were given randomly to the either side of the foreheads. To better illustrate the distribution pattern of the pain, all
BoNT/A-injected sides are superimposed in one side, regardless of the actual side of the injection. The same procedure was performed for saline.

change at days 3 and 7 was greater than day 1 (P < 0.05, post hoc
test).

Typical laser Doppler images following the capsaicin challenge
is shown in Fig. 6A. The effect of the treatments on blood flow is
illustrated by Fig. 6B.
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Fig. 4. The area of capsaicin-induced secondary hyperalgesia (cm?) in BoNT/A
and saline-treated foreheads. Indicates that BoNT/A significantly reduced
capsaicin-induced secondary hyperalgesic area compared to saline (P < 0.05).

4.6. Skin temperature

BoNT/A reduced the capsaicin-induced elevated skin tempera-
ture compared to saline (F;,s=63.1, P<0.001) at days 3 and 7
(P<0.05, post hoc test). After BONT/A treatment the temperature
change at days 3 and 7 was greater than day 1 (P < 0.05, post hoc
test).

Typical thermographic images of the face are shown in Fig. 7A.
The effect of the treatments on local temperature is depicted in
Fig. 7B.

4.7. Cutaneous heat pain threshold

BoNT/A treatment increased heat pain threshold compared to
saline (Fy39=17.1, P<0.001) at days 3 and 7 (P < 0.05, post hoc
test). After BONT/A treatment the heat pain threshold was higher
at day 7 compared with day 1 (P < 0.05, post hoc test).

The effects of treatments and trials on heat pain threshold are
summarized in Table 1.

4.8. Cutaneous electrical pain threshold

BoNT/A treatment did not change cutaneous electrical pain
threshold compared to saline (F; 39 = 0.297, P= 0.595).

The effects of treatments and trials on cutaneous electrical pain
threshold are presented in Table 1.
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Fig. 5. Flare area (cm?) following capsaicin-induced trigeminal pain in BoNT/A- and saline-treated foreheads. Superimposed face-charts of the capsaicin-induced flare areas
are shown for saline (top) and BoNT/A-treated sides (down). Indicates that BoNT/A significantly reduced capsaicin-induced flare areas compared to saline (P < 0.01).BoNT/A
and saline were given randomly to the either side of the foreheads. To better illustrate the distribution pattern of the flare, all BONT/A-injected sides are superimposed in one
side, regardless of the actual side of the injection. The same procedure was performed for saline.

4.9. Pressure pain threshold

No significant alteration was seen in PPT due to BoNT/A treat-
ment (F;39=1.2, P=0.294 as compared to saline). A summary of
the effects of treatments and trials on PPT are given in Table 1.

5. Discussion

The present study demonstrated that subcutaneous BoNT/A re-
duced capsaicin-induced trigeminal pain, sensitization and neuro-
genic inflammation. BONT/A altered cutaneous heat pain threshold,
but had no effect on electrical or pressure pain thresholds. The ear-
liest analgesic effect of BoNT/A was recorded at 24 h after its
application.

5.1. The effect of subcutaneous BoNT/A on pain

The mechanisms of a direct analgesic effect of BONT/A are not
fully clarified yet. The analgesic effect of BONT/A; however, seems
to be distinct from BoNT/A effect on muscles. This idea is supported
by the evidences showing the effect of BONT/A on pain appears in
no muscle contraction or lasts for longer duration of time after
relieving of muscle contraction [2].

One possibility is that BONT/A influences on neurons involved in
pain perception and prevents the release of other neurotransmit-

ters than acetylcholine [4,18]. There are evidences to support such
hypothesis. Sufficient in vitro exposure to BoNT/A has been shown
to reduce the release of glutamate, substance P, CGRP and vaso-
pressin from cultured cells or isolated materials [17,24,36,42].
The point is that in vitro studies require very large doses, long
exposure period of time or using some techniques to enhance the
internalization of the toxin. However, seeing the same effect
in vivo on pain transmission requires normal dose and exposure.

Pre-clinical studies were also successful to demonstrate that
BoNT/A is able to inhibit pain and neuropeptide release, e.g. in
rat formalin test [16]. Antinociceptive effects of BONT/A was also
seen in a rat capsaicin pain model, which supports our present
findings. Pre-treatment of the rat foot by BoNT/A reduced the fre-
quency of foot withdrawal in response to pressure and elevated
temperature caused by capsaicin injection [7].

Human experimental models of pain have provided more infor-
mation about the analgesic effects of BONT/A. However, despite of
in vivo and in vitro studies, there is a result discrepancy in human
experimental studies [10,21,30,48,53,56,57]. Such diversity sug-
gest that the analgesic efficacy of BONT/A may depend on the injec-
tion site, route of administration, dose and outcome measures as
well as timing of the challenge, applied pain model and also the
BoNT/A preparation itself.

We used intradermal capsaicin pain model in human skin. This
substance by a unique molecular mechanism, the stimulation of
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Fig. 6. (A) Typical laser Doppler images 5 min after capsaicin-induced pain in saline (top) and BoNT/A-treated sides (down) from the same subject. (B) Blood flow change (%)
following capsaicin-induced pain in BONT/A- and saline-treated sides. Indicates significant difference between BoNT/A- and saline-treated sides (P < 0.001). # indicates the

greater effect of BONT/A at days 3 and 7 (P < 0.05) as compared to day 1.

the transient receptor potential vanilloid receptor 1 (TRPV1-recep-
tors) [14], causes pain and neurogenic inflammation [31,49].

Our results clearly showed that BONT/A modulates the pain in-
duced by intradermal injection of capsaicin, in agreement with
Tugnoli et al. [56] findings in the forearm skin. On the basis of
the above-mentioned evidences from in vitro and in vivo studies,
it is proposed that BoNT/A interacts with molecules involved in
pain perception, e.g. substance P, CGRP and glutamate. Such neuro-
transmitters are released by primary sensory terminals and proba-
bly the ability of BoNT/A to block their release, may cause the
reduction of pain and/or sensitization [18].

5.2. The effect of subcutaneous BoNT/A on neurogenic inflammation

We recorded a clear reduction of capsaicin-induced flare area,
capsaicin-induced elevated skin blood flow and local skin temper-
ature in BoNT/A-treated skin compared with saline. A reduction in
blood flow in the capsaicin treated footpad was also seen following
pretreatment with BoNT/A [Francis et al., Personal Communication,
Toxins 2005, Denver, USA]. Kramer et al. [30] demonstrated re-
duced electrically induced flare by BoNT-A, while Voller et al.
[57] and Sycha et al. [53] found no effect.

Neurogenic inflammation reflects the release of neuropeptides
(e.g. CGRP and substance P) from peripheral nociceptive nerve end-
ings that leads to dilatation of peripheral blood vessels manifesting
as redness and heat. BONT/A may also alter the release of various
agents that also affect blood flow [4].

The lack of complete blockade of flare by capsaicin as it is seen
in the present study may be due to a partial rather than complete
C-fiber inhibition and consequently neuropeptide release. A por-
tion of BONT/A molecules may bind to C-fibers after the injection;
whether a significant number of BoNT/A molecules are needed to
inhibit these fibers to reach the complete inhibition effect is not

clear yet [2]. Another possibility is that there may be BoNT/A - sen-
sitive and BoNT/A - non-sensitive C-fibers. The number of acti-
vated fibers releasing neuropeptides may also be critical, which
differ in the healthy volunteers compared to the pathological and
clinical conditions [2].

5.3. The effect of subcutaneous BoNT/A on the area of secondary
hyperalgesia

Capsaicin causes an altered sensation by sensitization of central
neurons, a phenomenon defined as secondary hyperalgesia [32].
The effect of BONT/A on central sensitization was seen in rat models
of neuropthic pain [8,33,40]. The anti-allodynic effect of BONT/A
was seen from the day after the injection and maintained at least
for 3 weeks [33]. In the present study, BoNT/A reduced the area of
secondary hyperalgesia at day 7 after its application. Our previous
study, using intramuscular BoNT/A in a similar pain model, also
showed such an effect [21]. However, in other human experimental
pain models, Voller et al. [57] and Kramer et al. [30] did not find any
difference in hyperalgesic area treated by BoNT/A or placebo.

In the present study, the reduction in the area of secondary
hyperalgesia could be a consequence of the capsaicin-evoked pain
reduction [28] or probably due to an indirect central effect of
BoNT/A [1,2]. If BoNT/A blocks the transmitter release, peripheral
sensitization of nociceptors would be reduced as a consequence.
Then the nociceptive signals into the central nervous system and
manifestations of central sensitization would be indirectly reduced
[18].

5.4. The effect of subcutaneous BoNT/A on heat pain threshold

In the present study, BoNT/A significantly increased the heat
pain threshold, which was lowered by intradermal capsaicin
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Fig. 7. (A) Typical thermographic images 5 min after capsaicin-induced paip in saline (top) and BoNT/A-treated sides (down) from the same subject. (B) Temperature change
(°C) following capsaicin-induced pain in BONT/A- and saline-treated sides. Indicates significant difference between BoNT/A- and saline-treated sides (P < 0.001). # indicates

the greater effect of BONT/A at days 3 and 7 (P < 0.05) as compared to day 1.

injection. Our result is in contrast with Blersch et al. [10], Voller
et al. [57] and Tugnoli et al. [56] studies that did not show any
alteration in heat pain threshold. One possible explanation for
the effect of BONT/A on heat pain threshold is the effect of toxin
on TRPV1-receptors located on sensory nerve endings, which is
known as a target for capsaicin [14]. TRPV1-receptors are ex-
pressed on the plasma membrane via SNAREs (Soluble N-ethylma-
leimide-sensitive  factor  attachment receptors)-dependent
exocytosis, which is inhibited by BoNT/A [37]. This phenomenon
is supported by data from clinical investigations on patients with
intractable detrusor overactivity. In these patients the levels of
TRPV1 in biopsy samples were elevated, which was reduced by
BoNT/A treatment [3]. Studies with TRPV1 knockout mice showed

that genetic removal of TRPV1 did not affect responses to acute
noxious thermal stimuli, but impaired the animal ability to devel-
op thermal hyperalgesia [13]. Thus, at least in part, the influence of
BoNT/A on heat pain threshold, could be because of its effect on
peripheral TRPV1-receptors, as essential receptors for inflamma-
tory thermal hyperalgesia.

5.5. The effect of subcutaneous BoNT/A on electrical pain threshold

The electrical pain threshold after the capsaicin injection was
decreased, but not altered by BoNT/A compared with saline. This
result is in agreement with the studies done by Blersch et al.
[10], Voller et al. [57] and Schulte-Mattler et al. [48]. In preclinical

Table 1
Cutaneous heat (°C), electrical (mA) and pressure pain (kPa) thresholds following capsaicin-induced pain in BONT/A- and saline-treated sides.

Pre-treatment Day 1 Day 3 Day 7

BoNT/A Saline BoNT/A Saline BoNT/A Saline BoNT/A Saline
Heat pain threshold (°C) 38.2+25 382+19 39.8+1.9 384+24 41.0+1.5" 38.2+2.1 429+38" 385+24
Electrical pain threshold (mA) 58.2+3.7 58.6+5.9 603 +4.9 63.9+4.6 65.4+4.0 589+4.7 643+4.4 62.1+4.2
Pressure pain threshold (kPa) 226.6 £ 65.7 255.7+77.8 224.9+65.6 238.7+47.4 226.2 £57.8 222.3£45.1 227.6+95.1 233.2+55.6

" Indicates significant difference between BoNT/A- and saline-treated sides (P < 0.001).
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studies, BONT/A does not directly affect the nociceptive nerve
transmission of acute pain [2]. The unchanged electrical thresholds
in BoNT/A-treated areas, suggest that BONT/A may not influence
the perception of acute pain caused by direct fiber activation.

5.6. The effect of subcutaneous BoNT/A on pressure pain threshold

It has been shown that the cutaneous component accounts for
approximately 45-70% of the pressure detection threshold
[26,29] and localized application of the pressure can activate the
cutaneous nociceptors because of the shear force around the probe
[22]. On the other hand, application of topical local anaesthetics to
the facial skin has revealed minor or no changes in the PPTs,
suggesting a modest role of superficial inputs to the PPTs
[20,44,54]. In the present study, PPT remained unchanged at the
BoNT/A- and saline-treated areas. In a pilot study in patients with
postherpetic neuralgia treated by subcutaneous botulinum injec-
tions, however, the PPT was higher at the BoNT/A-treated area.
Interestingly, those patients with trigeminal presentation were
better responders than the other regions such as thoracic and lum-
bar [5]. Again, existence of fiber differences between the healthy
compared to the pathological and clinical conditions [2] may ex-
plain the effect seen in those patients.

In conclusion, the observed analgesia may be caused by a local
peripheral effect of BoNT/A on nociceptive fibers. BONT/A appears
to preferentially target C-fibers and probably TRPV1-receptors,
block neurotransmitter/neuropeptide release and subsequently re-
duce pain, neurogenic inflammation and heat pain thresholds. Fur-
ther experiments, using pharmacological combinations of BoONT/A
with e.g., glutaminergic or TRPV1 agonist/antagonists as well as
neurochemical markers may provide better understanding of the
interaction of BoNT/A with the neurotransmitter system in pain
modulation.
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