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ABSTRACT

Topical analgesics are recommended in guidelines for treating the pain of both osteoarthritis and neuropathy. Topical analgesics
are defined as therapies applied to body surfaces to treat pain, and are either rubbed onto the skin or made into patches or plasters
that are adhered onto the skin. Under the header of topical analgesics, we find both transdermal as well as intradermal formulations.
This differentiation in terminology is recommendable, as transdermal topicals act via adequate drug concentrations in the blood, while
intradermal formulations act via mechanisms in the skin and do not need to penetrate into the blood. This will be demonstrated based on

examples of amitriptyline and phenytoin gels and creams.
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INTRODUCTION

The topical treatment of pain has its roots in ancient times, and we
can well understand that the Neolithic man already applied plasters
and herbs onto the skin to relieve pain and to stimulate wound
healing [1]. Opium formulations have also been used for centuries,
for instance as embrocation for indications such as ‘asthenic pains’ up
to the nineteenth century [2].

Interestingly, the definitions of topical analgesics are scarce. In
2017 in a Cochrane analysis it was defined as: “A topical analgesic
medication is one applied to body surfaces such as the skin or mucous
membranes to treat painful ailments; they are either rubbed onto the
skin or made into patches or plasters that are stuck onto the skin”
[3]. Formulations purely acting via compartments of the skin, such
as capsaicin and menthol creams, as well as transdermal formulations
acting via the building up of sufficient plasma levels, both qualify
as ‘topical analgesic formulations’. While plasters for instance may
contain opioids aimed at creating a steady-state plasma level to
suppress pain, plasters containing capsaicin act only as an excitotoxin
and destroy nociceptive terminals; no plasma level of capsaicin is
required [4].

Based on these two examples, we will distinguish the difference
between topical formulations acting via localized mechanisms in
the skin (intradermal), and topical formulations acting via systemic
exposure of the drug (transdermal). We would therefore like to
differentiate between transdermal and intradermal formulations
containing analgesics, both of which act via topical formulations. In
(Table 1) we have listed a number of properties of both formulations.
Although there are clear differences, for certain transdermal

No loss of sensation (compared to
topical anaesthetics)

Combinations between analgesics
and co-analgesics in one formulation
feasible

Potential of value in a number of pain
states: peripheral neuropathic pain
such as diabetic neuropathic pain,
Herpes zoster pain, chemotherapy
induced polyneuropathy, chronic
idiopathic axonal polyneuropathy,
small fiber neuropathy, complex
regional pain syndrome, phantom
pains, post-thoracic pain, scar-pain,
vulvodynia, proctodynia, and ‘distant’
pain e.g. central neuropathic pain
Potentiation of analgesic effects

via synergies possible in topical
formulation

Multiple applications/day applications
on demand possible

Ease of dosing and dose-adaptations;
tailored treatment easy

Onset of action related to steady state
in plasma

Reduction of treatment complexity and
pill burden increase patient compliance
Topical preparations can also
potentially benefit the pediatric
population, though are more prone

to side effects than intradermal
formulations

Slow release formulations (patches) to
obtain steady plasma level of API
Local concentrations dependent on
amount of API penetrating through
skin and entering plasma

No loss of sensation (compared to
topical anaesthetics)

Combinations between analgesics
and co-analgesics in one formulation
feasible

Potential of value in a number of pain
states: peripheral neuropathic pain
such as diabetic neuropathic pain,
Herpes zoster pain, chemotherapy
induced polyneuropathy, chronic
idiopathic axonal polyneuropathy,
small fiber neuropathy, complex
regional pain syndrome, phantom
pains, post-thoracic pain, scar-pain,
vulvodynia, proctodynia

Potentiation of analgesic effects

via synergies possible in topical
formulation

Multiple applications/day applications
on demand possible

Ease of dosing and dose-adaptations;
tailored treatment easy

Fast onset of action

Reduction of treatment complexity and
pill burden increase patient compliance

Topical preparations can potentially
also benefit the pediatric population

Direct effect locally

Higher local concentrations possible,
without producing systemic side
effects

Table 1. Differences and similarities of transdermal and intradermal
formulations containing analgesics or co-analgesics.

Topical transdermal analgesics
Examples: butrans and fentanyl
plasters NSAID creams, amitriptyline
gel

Systemic exposure required
Propensity for side effects and drug-
drug interactions

Addictive and abuse potential possible

Possible gastric disturbances, and
constipation when topical opioids
used, first-pass hepatic metabolism,
and variable serum concentrations
Patient can ‘rub it in where it hurts’ in
case of no plaster

Localized relief of localized pain, and
distant relief of pain
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Topical intradermal analgesics

Examples: phenytoin cream,
amitriptyline cream, lidocaine and
capsaicin plasters

No systemic exposure required

Low propensity for side effects and
drug-drug interactions

Absence of addictive and abuse
potential

No gastric disturbances, no first-pass
hepatic metabolism, and variable
serum concentrations

Patient can ‘rub it in where it hurts’

Localized relief of localized pain
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formulations a topical intradermal mechanism of action cannot be
ruled out. If an Active Pharmaceutical Ingredient (API) in a certain
transdermal formulation penetrates the skin, and subsequently the
plasma level of the API rises, a certain concentration of the selected
API will reside for a while in the various skin compartments and
might possibly influence cells and tissues of the skin if the transdermal
formulation is applied to the localization where pathology resides.
This does not hold true for buprenorphine and fentanyl plasters, as
these are not applied on the skin where the ‘pain resides’. If however,
transdermal applications are used for the treatment of localized pain,
it will not be easy to differentiate between the contribution to the
overall analgesia via the blood, or via the skin compartments such as
the nociceptors, the immune-competent cells and the keratinocytes
of the epidermis [5]. Moreover, there is limited literature on the
relation between the plasma levels of various (co-)analgesics and
their analgesic effects. This is probably due to the fact that most (co-)
analgesics are off patent and no budgets are allocated for such studies.
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TOPICAL AMITRIPTYLINE AND PHENYTOIN

Topical amitriptyline was initially developed explicitly as a
transdermal formulation only. In 1990, a paper was published
evaluating the transdermal (percutaneous) absorption of the
tricyclic antidepressants amitriptyline and imipramine and their
N-desmethylated analogs, nortriptyline and desipramine, in an
experimental mouse model for human skin.® The rationale for the
study was to ensure a constant administration of the drug and to
bypass the gastrointestinal tract in order to reduce gastrointestinal
side effects. For each drug, 2 mg in a solution was applied topically
to the backs of mice. This led to concentrations in the brain ranging
from 140 to 8240 nmol/Kg and blood ranging from 89 to 3810
nmol/L [6]. The authors pointed out that the concentrations in the
blood resembled low therapeutic to toxic levels in humans.

In 1999, a psychiatric case was presented where a transdermal
gel was compounded containing amitriptyline. The authors claimed
that transdermal delivery of amitriptyline must be possible due to its
lipophilic nature and large volume of distribution, but at that time
there were no data available regarding such transdermal formulation.
They were unable to identify any reports describing the release of
amitriptyline from a transdermal base [7]. They compounded a
transdermal amitriptyline gel based on a Pluronic Lecithin Organogel
(PLO) base. The lecithin organogel base was selected, the authors
pointed out, because of its properties to carry APIs through the skin.
The final formulation contained amitriptyline 7.5% gel, and every
day 2 ml was applied on the skin [8]. The serum amitriptyline and
nortriptyline concentrations after the application of the gel were
within the therapeutic range (for depression) defined as 50-250 ng/
mL. A continuous release of amitriptyline from the formulation was
demonstrated over a 24-hour administration period. In addition,
the authors pointed out that in 1997 clinical relevant sedation
was reported in several patients treated with doxepin 5% cream,
licensed as itch treatment [9]. This also suggested at that time that
the transdermal route of the applied tricyclic anti-depressant results
in clinically significant serum drug concentrations. The authors thus
found clinically relevant plasma levels after administrating a PLO gel
containing 150 mg amitriptyline per application. Other experiments
in cats resulted in levels below the limit of detection (< 4.6 ng/mL)
of amitriptyline after the application of 5% amitriptyline in PLO gel,
with a fixed daily dose of 5 mg per application, thus 0.1 mL [10]. This
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Figure 1: Opium is an example of a topically applied drug in various forms of
embrocation, used against pain in the olden days.
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Topical analgesic
Intraderpral analgesic

has to:

reside in skin

rearch nerve fibers

pass Nato blood

absorbed in\gssues inhibit feceptors

inhibit receptor reset

produce pain relief

Figure 2: Mechanism of action of an intradermal analgesic formulation and
a transdermal analgesic formulation. The first has its mechanisms of action
residing in the skin, the second acts via central and peripheral mechanisms
after entering the blood.

might be due to the amount of amitriptyline residing in the skin, in a
different skin compared to humans, or due to a different formulation.
The exact way to formulate the amitriptyline PLO gel however was
not described, and small pharmaceutical differences in preparing may
have an impact on the properties of the final formulation. Such small
differences may therefore lead to either clinical effective dose levels or
levels smaller than the no-effect dose.

The potential analgesia of a 45% water/45% isopropanol/10%
glycerin solution containing amitriptyline on human skin was
explored in a dose range study, selecting 3 different doses of 0.3 mL
versus vehicle: 10 mmol/L (3.4%, 0.9 mg), 50 mmol/L (16.9%, 4.7
mg), and 100 mmol/L (33.8%, 9.4 mg) [11]. The authors documented
clear and statistically significant analgesic effects of amitriptyline at
concentrations of both 50 and 100 mmol/L, compared with the effects
of placebo and 10 mmol/L. Unfortunately they did not measure
the plasma drug levels. The same formulation was also tested in a
different study with a maximum of 82.4 mg amitriptyline applied on
the skin (1.5 mL of 8.4%, 16.9% and 33.8%), and in that study the
drug levels were determined: the blood sample analysis did not show
plasma levels of amitriptyline and nortriptyline that were higher than
the detection threshold of 2 ng/mL. Thus, the formulation tested
did not lead to the systemic absorption of amitriptyline, and the
documented analgesic effects must have been caused by intradermal,
most probably epidermal located mechanisms [12].

In our clinic for neuropathic pain, we have treated patients for
many years with amitriptyline 5% and 10% cream.® We selected
a specific base cream and did not use PLO gel because we wanted
to minimize the transdermal penetration of the drug in order to
avoid systemic side effects. Furthermore, we brought forward a new
hypothesis based on three different and cross-talking epidermal targets
for peripheral neuropathic pain, the nociceptors, the keratinocytes
and the immune-competent cells.” In order to downregulate these
epidermal targets, transdermal penetration is not required and
perhaps even not advisable. In most of our patients we indeed
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did not find any indication for systemic side effects, but patients
reported sufficient analgesia. This suggests low or absent transdermal
penetration of amitriptyline via the selected base cream. At that time,
we were looking for a lipophilic compound with a molecular weight
below 500 Dalton, a small molecule, potentially resulting in greater
efficacy and started with the application of phenytoin. In order to test
for systemic absorption of lipophilic analgesics in the selected base
cream, we assessed phenytoin plasma levels after the application of
10% phenytoin cream in 16 patients. Nearly all of the sampling was
done 2-3 hours after application, in order to sample close around the
estimated T-max. Phenytoin could not be detected in the plasma in
any of the samples. These patients experienced a clinically relevant
pain reduction after the application of the cream, a pain reduction
mostly around 50% or more, starting within 30 minutes and lasting
for 4-24 hours. We also documented such a fast onset of action in
many of our patients treated with amitriptyline 5% or 10% cream.
This would also be quite suggestive for a non-systemic mode of action.

CONCLUSION

Transdermal and intradermal formulations of (co-)analgesics
such as amitriptyline, phenytoin, as well as baclofen, ketamine,
clonidine and such compounds act via different mechanisms of
action. Transdermal formulations are developed to lead to detectable
and effective plasma levels of the API, while intradermal formulations
are developed to create sufficient levels of the selected API in the skin
compartments itself, minimizing systemic absorption. In the first
case, peripheral and central mechanisms of action will contribute to
the desired effects, and hand in hand with the resorption in the blood,
systemic side effects, drug interactions and abuse potential cannot
be ruled out. In case of intradermal formulations, the mechanism of
action resides in the skin, and the systemic resorption is low or absent
leading to levels of the selected APIs below the limit of detection. It
seems advisable to use topical analgesics as a container category for
both transdermal as well as intradermal acting topicals. Currently,
transdermal and topical analgesics are often seen as the same. This is
undesirable, as we have pointed out in this article.

CONFLICT OF INTEREST

Authors are patent holders of two patents related to the topical
formulations of phenytoin in the treatment of pain: 1) Topical
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phenytoin for the use in the treatment of peripheral neuropathic pain
and 2) Topical pharmaceutical composition containing phenytoin
and a (co-)analgesic for the treatment of chronic pain.
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