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There is a need for new topical antipruritics that are
effective on many types of itch. This study examined
the antipruritic efficacy of a new formulation of topi-
cal acetaminophen. In vitro skin permeability studies
showed that 2.5% and 5% formulations are able to ra-
pidly deliver an adequate amount of the drug into the
skin. In a double-blind, vehicle-controlled, randomized
study in 17 healthy volunteers, 1%, 2.5% and 5% ace-
taminophen gels and a vehicle gel were applied to the
skin prior to histaminergic and non-histaminergic itch
induction and assessment of thermal pain thresholds.
The 2.5% and 5% gel formulations significantly redu-
ced the itch intensity time course and the area under
the curve for both histamine and cowhage itch. No ef-
fect was noted on heat pain thresholds and no adverse
effects were observed. These results suggest that topi-
cal acetaminophen would be a safe and effective over-
the-counter medication for itch.
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tch or pruritus is a one of the most common skin

complaints among dermatological patients and is as-
sociated with a multitude of skin and systemic conditions.
There have been many developments in oral and systemic
therapies for itch (1). However, few topical therapies,
which are still the first-line treatment for mild, moderate
and localized itch, have been developed in recent years.
Currently, the main therapies are topical corticosteroids
and antihistamines. Topical corticosteroids have an
effect on skin inflammation, but no direct antipruritic
mechanism. Topical corticosteroids are also associated
with adverse effects of skin atrophy with long-term use.
Topical antihistamines have an effect only on acute itch,
but have limited or no effect on chronic itch. Less com-
monly used topical treatments are immunomodulators,
such as calcineurin inhibitors and, recently, phospho-
diesterase-4 (PDE4) inhibitors, which are extremely
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SIGNIFICANCE

Topical acetaminophen gel was effective against both acute
(histamine) and chronic (cowhage) models of induced itch,
and did not cause any skin irritation or discoloration. Topi-
cal acetaminophen formulas may therefore be a safe and
effective over-the-counter therapy for many types of itch.

expensive. Topical anaesthetics, cooling agents, and
counter-irritants are used, but these have limited effects
on itch. Therefore, there is a great unmet need to develop
topical antipruritics that are effective for a large range of
pruritic diseases, which are also inexpensive and safe.

Oral acetaminophen is one of the most commonly
utilized medications worldwide for pain relief. Although
acetaminophen is thought to induce analgesia and anti-
pyresis through its inhibition of the cyclooxygenase path-
way and prostaglandin synthesis, its exact mechanism
of action has not been fully elucidated. Interestingly,
there are no topical acetaminophen formulations on the
market, even though a topical formulation could display
an antipruritic effect by blocking prostaglandins that are
known to potentiate itch (2).

Given this information, the aim of this study was to
examine the efficacy of topical acetaminophen formu-
lations on a model of acute and chronic itch in healthy
volunteers in a double-blinded, vehicle-controlled, ran-
domized study. A further aim was to determine whether
topical acetaminophen formulations have adequate skin
permeability and accumulation in the epidermis.

MATERIALS AND METHODS

Drug formulation

Topical acetaminophen (APAP) was generated into an ointment or
gel formulation that compromised 1%, 2.5%, and 5% dose com-
positions. Vehicle controls were prepared using the same materials
and methods without the addition of the active ingredient (APAP).

In vitro skin permeation

Skin permeation of the formulations (2.5% and 5% APAP; gel
and ointment) were tested on cadaver skin, using non-occluded
and occluded PermeGear Franz diffusion apparatus (PermeGear,
Inc., Hellertown, PA, USA). A 20 ul volume of the formulations
were added to the donor compartment to form a thin film on the
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surface of the dermatomed human cadaver skin (Anatomy Gifts
Registry, Hanover, MD USA). At 1,2, 4, 8, 12, and 24 h, the drug
content in the samples was analysed using the High-performance
liquid chromatography (HPLC) method. The steady state flux (J)
for permeation (pg/cm?/h) was obtained from the slope of the linear
potion of the plot of cumulative amount of APAP permeating per
unit surface area of skin (ug/cm?) against time (h). The 1% APAP
formulations were not tested for skin permeability, but due to the
adequate absorption of the 2.5% dose, the 1% formulation was
included in the antipruritic efficacy study.

In order to also examine cutaneous retention in the epidermis
and dermis, finite dose skin penetration studies of the 5% for-
mulations were also performed by analysing for drug content by
separating the epidermis and the dermis using a modified heat
separation method (3). The drug content was extracted from each
layer and the concentration of the drug in the extracting medium
was quantified using HPLC at the 12-h time-point. The drug levels
are reported in pg/ml to determine the extent of absorption in the
epidermis and the dermis.

Subjects

A total of 17 healthy volunteers were included in the study (age
26.4+8.1 years; age range 19-50 years). Subject demographics
are shown in Table I. The participants had no history of pruritic
or dermatological diseases and were not using any systemic or
topical anti-itch or pain relief agents. All procedures were appro-
ved by the University of Miami Institutional Review Board, and
written informed consent was provided by each participant. All
the 17 screened subjects were enrolled and completed the study.

Design overview

The study was conducted under double-blinded conditions, with
each treatment assigned a code A—D. Subjects participated in 2
study visits within a 1-week time-period, with the only difference
between visits being the itch induction technique, which was ran-
domized between cowhage or histamine provocation. At each visit,
4x4 cm square test areas were demarcated on the volar forearms, 2
on each arm, each separated by 4 cm. Each area was pretreated for
30 min with 0.4 ml volume of 1 of 4 topical gel formulations spread
evenly over the test area: APAP 5%, 2.5%, 1% or vehicle control
gel. The location of each formulation was randomized based on
their code, but each subject has the same formulation placement
for both visits. This study design allows for each of the 3 study
treatments and vehicle to be applied to every subject twice in the
same location within 1 week. After 30 min of pre-treatment any
remaining gel was wiped away and itch was induced at each of
the 4 pre-treated areas consecutively, with at least 5 min between

Table I. Subject demographics

Demographics n (%)
Ethnicity
Hispanic 5(29)
Non-Hispanic 12 (71)
Race
White 11 (64)
Black or African American 3(18)
Asian 3(18)
American Indian or Alaska Native 0 (0)
Native Hawaiian or Other Pacific Islander 0 (0)
Sex
Female 15 (88)
Male 2 (12)
Age
18-35 years 14 (82)
36-65 years 3(18)
> 65 years 0 (0)
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initiation of each treatment. Itch intensity was assessed via nume-
rical rating scale (NRS) every 30 s following the initiation of itch
sensation and recorded until all itch sensation had subsided. Itch
duration was also recorded. Heat pain threshold (HPT) assessment,
using quantitative sensory testing, was performed on each test area
(after itch had subsided for 5 min) to examine whether the APAP
formulations had any analgesic effect.

Cowhage (non-histaminergic) itch induction

To induce an acute model of chronic/non-histaminergic itch,
approximately 40-45 cowhage spicules were applied and rub-
bed gently within the test area for 45 s (4, 5). The subjects were
instructed to start rating itch intensity on the Itch NRS once they
perceived itch and for every 30 s until the itch subside. Cowhage
spicules were then removed using adhesive tape. The NRS was
a 0-10 scale with 0 weighted as “no itch” and 10 weighted as
“worst itch imaginable”.

Histamine itch induction

To induce acute histaminergic itch, iontophoresis of a 1% his-
tamine solution (4, 5). 0.2 ml of the 1% histamine solution was
placed in an anode delivery electrode placed on the test area,
while a cathode grounding electrode was placed on the subject’s
arm at a certain distance (<10 cm away) from the test area (but
not in the test area). The iontophoresis device, a battery-powered
stimulus isolation unit (Perimed PF 3826, Perilont Power device,
Jarfdlla, Sweden) generates a current of no more than 500 pA for
60 s. The NRS was a 0—10 scale, with 0 weighted as “no itch” and
10 weighted as “worst itch imaginable”.

Heat pain thresholds

HPT, as a measure of unmyelinated C nerve fibre function, were
assessed using the TSA-II neurosensory analyser (Medoc, Ramat
Yishay, Israel) at all test sites once itch had subsided for at least 5
min. A thermode probe warmed the skin surface from a baseline of
32°C to a maximum of 50°C in 0.4°C increments. The threshold
was determined as a mean of 3 times by the ascending method of
limits, where the subject was instructed to press a response button
upon detection of a painful stimulus.

Safety measurements

Erythema was measured by using a Likert scale after pretreatment
with the formulations/before itch was induced, 90 s after itch
was perceived, and once the itch subsided, in order to determine
whether the APAP formulations caused any skin irritation and
whether it reduced any flare caused by the itch inductions. The
Likert scale was weighted as follows: 0=none, 1=barely per-
ceptible, 2=slight redness, 3 =moderate redness, 4=heavy or
substantial redness, 5=extreme redness, and 6=severe redness.
Any adverse events were also recorded up to 1 week after each
subjects’ last study visit.

Statistical analysis

Data were analysed using IBM SPSS. Basic descriptive statistics
are reported as mean (standard deviation; SD), range, and n (%).
Statistical significance was set at p<0.05. Normality assessment
was tested by visual inspection and Shapiro—Wilks tests. Ana-
lysis of variance (ANOVA) and repeated measures ANOVAs
(when necessary) were used for the main analysis, with post hoc
comparisons using the Bonferroni or Fisher’s least significant
difference correction. Wilcoxon signed-ranks tests was used to
analyse erythema scores.
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Fig. 1. Skin permeation using Franz cells (FC). (a) The 5% acetaminophen (APAP) ointment formulation under non-occluded (NOC) conditions provided
low skin permeation. (b) The 5% APAP ointment formulation under occluded (OC) conditions provided approximately 2-20 pg/cm?2 in the first hour. (c)
The 5% APAP gel formulation under non-occluded conditions provided the highest permeation at 10-40 pg/cm? in the first hour. (d) The 2.5% APAP gel
formulation under non-occluded conditions provided 2-20 pg/cm? in the first hour, similar to the occluded 5% APAP ointment. Each symbol represents
an individual Franz cell where drug concentration is measured via high-performance liquid chromatography at 1, 2, 4, 8, 12, and 24 h.

RESULTS

In vitro skin permeation

The 5% APAP ointment had low permeation under non-
occluded conditions (Fig. 1a). Low permeation could
be due to a partitioning effect, where the APAP may not
partition out of the dosage form into the skin. However,
under occlusion, the 5% APAP ointment provided 2-20
ug/cm? APAP in the first hour (Fig. 1b). The 5% APAP
gel in non-occluded conditions provided approximately
10-40 pg/cm? of APAP within the first hour, while the
2.5% APAP gel in the same condition and time frame
provided 2-20 pg/cm? (Fig. 1c, d). Occlusion of the
Franz apparatus did not improve the initial permeation
of gel APAP. The occluded 5% APAP ointment and non-
occluded 2.5% APAP gel offered comparable permeation.

Finite dose skin penetration studies revealed that both
the non-occluded 5% gel and the occluded 5% ointment
had greatest concentration of APAP within the epidermis
after 12-h treatment (Table II).

Table II. Dose distribution of acetaminophen (APAP) in the skin
after 12-h treatment

Formulation Amount (Hg+SD) % (of dose+SD)

Gel (non-occluded)

Epidermis 121.9+30.0 41.5+9.17

Dermis 85.7+£9.3 29.4+4.21
Ointment (occluded)

Epidermis 106.1+48.3 35.1+15.1

Dermis 69.2+29.7 22.9+9.2

SD: standard deviation.

Itch intensity

Both cowhage and histamine itch intensity, as measured
by the NRS, was significantly reduced by the 2.5% and
5% gel formulations, as shown in Fig. 2, which depicts
the entire time courses of each itch model for all treat-
ment conditions. Itch intensity over time when quantified
in the integral measure of area under the curve (AUC),
represents the total itch perceived for the full duration.
Pretreatment with the 2.5% and 5% APAP gel formula-
tions significantly reduced the AUC for both cowhage-
and histamine-induced itch compared with the vehicle
formulation (Fig. 3). The 1% gel formulation did not
significantly reduce the itch intensity time course or the
AUC of either cowhage or histamine itch. The peak itch
intensity (measured as the max NRS value) was only sig-
nificantly reduced from the vehicle by the 2.5% APAP gel
formulation during cowhage itch induction (p=0.003),
which corresponds to a 32.8% reduction (3.9+2.8 for
2.5% APAP gel vs 5.8 +2.6 vehicle gel). The 5% APAP
gel formulation trended (p=0.075) to reduce the peak
itch with a 22.4% reduction compared with the vehicle
during cowhage itch induction (4.5 +2.0 for 5% APAP gel
vs 5.8+2.6 vehicle gel). Otherwise, peak itch intensity
and the total duration of each induced itch types were not
significantly affected by the APAP formulations (Fig. 4).

Heat pain thresholds

Heat pain thresholds were not affected by the APAP gel
formulations after either cowhage- or histamine-induced
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Fig. 2. Itch intensity time course. (a) Each acetaminophen (APAP) gel formulation (1% p=0.0081; 2.5% p<0.0001; 5% p<0.0001) reduced itch
intensity compared with the vehicle over the cowhage itch induction time course (repeated-measures analysis of variance (RM-ANOVA) with Bonferroni
correction). (b) Each APAP gel formulation (1% p=0.0002; 2.5% p<0.0001; 5% p<0.0001) reduced itch intensity compared with the vehicle over the

histamine itch induction time course.
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Fig. 3. Itchintensity area under the curve. Total perceived itch, measured
as area under the curve (AUC), was significantly reduced by the 2.5%
(p=0.003**)and 5% (p=0.005**) acetaminophen (APAP) gel formulation
compared with the vehicle in cowhage itch induction. Itch AUC was also
significantly reduced by the 2.5% (p=0.011**) and 5% (p=0.001%*%*)
APAP gel formulation compared with the vehicle in histamine itch induction.

itch. Furthermore, HPTs were not different between the
2 study visits. This suggests that the formulations do not
cause any analgesic or numbing effect (Fig. 5).

Erythema and safety

Erythema caused by cowhage and histamine itch induc-
tion was not affected by the APAP formulations, with no
test area being scored over rank 3 of “moderate redness”
(Fig. 6). Erythema grades were overall significantly in-
creased (p=0.001) after histamine itch compared with
cowhage itch, as is expected due to histamine’s associa-
ted wheel and flare reaction. Furthermore, application
of the formulations (prior to any itch induction) did not
cause any erythema (all 0 “none” scores), stinging, skin
irritation, or hyper- and hypo-pigmentation. No adverse
events were reported for this study.

DISCUSSION

The current study demonstrated that the acetaminophen
gel formulations significantly reduced both histaminergic
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Fig. 4. Itch peak intensity and duration. (a) Peak itch, the maximum itch intensity reported on the numerical rating scale (NRS), was only significantly
reduced by the 2.5% gel acetaminophen (APAP) formulation during the cowhage itch induction compared with the vehicle (p=0.003**). Otherwise, no
other APAP formulation reduced peak itch. (b) Itch duration, the time the induced itch lasts, was also not affected by any of the APAP formulations with

both cowhage and histamine itch induction.
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Fig. 5. Heat pain thresholds. Heat pain thresholds, a measure of
unmyelinated C fibre function, were tested by quantitative sensory
testing after itch induction, and were not significantly affected by the
acetaminophen (APAP) formulations compared with the vehicle for both
cowhage and histamine itch induction. Furthermore, heat pain thresholds
were not different between itch induction types at different study visits.

and non-histaminergic itch. To our knowledge, there has
been no previous study that examined the anti-pruritic
effect of acetaminophen in humans, but it has been shown
in mice with serotonin-induced itch (6). The induced
itch models used in this study mimic real-world acute
itch (histaminergic) and chronic itch (non-histaminergic/
cowhage). A study using similar itch models showed
that topical polidocanol, an OTC antipruritic marketed
in Europe, only reduced cowhage itch, but not histamine
itch (7). Also, another study showed that topical aspirin
could relieve histamine-induced itch (8). Therefore, it is
important to note that this APAP gel formulation is ef-
fective for both types of itch. The 2.5% and 5% APAP gel
formulations were more effective in reducing itch than the
1% gel formulation. The antipruritic effect noted here is
more robust than a previous study we conducted on the ef-
fect of topical 4% strontium on cowhage-induced itch (9).

Studies have suggested that the analgesic relief af-
forded by acetaminophen involves activation of the
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cannabinoid system and, indeed, antagonism of the
cannabinoid (CB)-1 receptor has been shown to block
acetaminophen-induced analgesia (10, 11). Given the
similarities between pain and itch transmission, it is
possible, through its action on CB1 receptors, that ace-
taminophen may have antipruritic properties. Expres-
sion of the phospholipase-2 (PLA2) family of enzymes
involved in the arachidonic acid pathway was found to
be upregulated in itchy atopic and psoriatic skin, and
was correlated significantly with itch severity (12). As
acetaminophen is thought to act along the arachidonic
acid pathway, which provides further evidence that this
medication may possess an anti-pruritic effect. In addi-
tion, metabolites of acetaminophen have been shown to
activate and sensitize transient receptor potential (TRP)
cation channel subfamily V (TRPV1) receptors, which
are known to play an important role in itch transmission
and inflammation (13, 14). None of the formulations of
topical acetaminophen gel exhibited any anti-nociceptive
/analgesic effect, which is similar to a previous study
of the effect of intravenous acetaminophen on the same
type of thermal quantitative sensory testing as described
in the current study (15).

Acetaminophen is currently an over-the-counter (OTC)
product in the US market. While it is generally well tole-
rated and is considered a safe medication, adverse effects
of oral or intravenously administered acetaminophen
include, but are not limited to, gastrointestinal upset,
and hepatotoxicity at high doses (16). Subcutaneous
administration of acetaminophen for pain relief has been
shown to be well tolerated in patients on palliative care
(17). The permeation data and lack of any adverse ef-
fects caused by application of these acetaminophen gels
suggest that this topical formulation would be effective
and safe. Furthermore, optimal permeation times sug-
gest that minimal daily treatment applications may be
effective, but the safety profile would allow for multiple
applications, if required. Future efficacy studies in pa-
tients and on long-term application of the acetaminophen
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Fig. 6. Erythema ratings. Erythema, as a measure of skin irritation, was ranked on a 0-6 Likert scale after pretreatment of acetaminophen (APAP)
formulations/before itch induction, 90 s after itch was perception, and after the end of itch perception. The application of the formulations caused no
erythema, and the formulations did not significantly affect erythema related to either (a) cowhage or (b) histamine itch induction. Erythema was scored
higher with histamine itch induction compared with cowhage at both 90 s into itch induction and after the itch subsided, due to histamine’s expected

wheel and flare reaction (p=0.001).
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gels are required to know what types of itch would best
respond to this topical treatment. Nevertheless, the 2.5%
or 5% APAP gel formulation could be offered as another
antipruritic option in the OTC market for itch.
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