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Topically Administered Ketamine Reduces
Capsaicin-Evoked Mechanical Hyperalgesia

Reino Pöyhiä, MD, PhD*† and Anneli Vainio, MD, PhD†

Background: The n-methyl-d-aspartate receptor antagonists such

as ketamine relieve chronic pain but their oral and parenteral use is

limited by the adverse effects. Experimental studies indicate that the

peripheral n-methyl-d-aspartate receptors are involved in nociception.

Recent clinical findings suggest that ketamine gel alleviates neuro-

pathic pain, but no placebo-controlled randomized studies are avail-

able on the neurosensory effects of ketamine gel in experimental

neurogenic pain.

Objectives: The aim of this study was to assess the effects of topi-

cally applied ketamine using the intradermal capsaicin model in

healthy volunteers.

Methods: Nine healthy subjects received ketamine and placebo gel

on 3 occasions in a randomized, double-blind, and crossover manner.

The concentration of ketaminewas 50 mg/mL. One milliliter of gel was

rubbed into the skin of both forearms 10 minutes before the intra-

dermal injection of capsaicin (250 mg). Thereafter, the intensity and

unpleasantness of spontaneous and evoked pain and dysesthesia was

assessed up to 60 minutes using a 10-cm visual analog scale. Pain and

dysesthesia were evoked using cotton gauze, a von Frey microfil-

ament, and 38�C, 42�C, and 47�C heat. Side effects were recorded,

and individuals’subjective experiences were assessed with a standard

questionnaire.

Results: Ketamine gel had no effect on immediate burning pain

followed by the capsaicin injection. Both the intensity and unpleas-

antness of mechanical hyperalgesia was statistically significantly

reduced by ketamine gel applied both on the left and right side.

Neither tactile allodynia evoked by a brush nor thermal hyperalgesia

were observed in any volunteer. No local or systemic side effects were

observed. No patient reported any drug effects.

Discussion: A significant reduction of mechanical hyperalgesia was

produced by topically and pre-emptively applied ketamine in healthy

patients. We propose that the mechanism of action would be the

reduction of central sensitization caused by the absorption of ket-

amine in circulation.
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The activation of n-methyl-d-aspartate (NMDA) receptors is
one of the predominant mechanisms for central sensiti-

zation of somatosensory nervous system after nociceptive
stimulation and a key factor in the generation and maintenance
of persistent pain states.1 The NMDA receptor antagonists
such as ketamine relieve chronic pain, but their oral and par-
enteral use is limited by the well-known adverse effects.2–4

There is a growing amount of experimental evidence
showing that NMDA receptors are found not only in the cen-
tral nervous system (CNS) but also in the peripheral nerves.5,6

Furthermore, experimental studies indicate that peripherally
administered NMDA receptor antagonists are involved with
antinociception.7–9

However, human data concerning the role of the pe-
ripheral NMDA receptors in the pathophysiology of clinical
pain are inconclusive and contradictory. It has been shown that
peripherally administered ketamine inhibits the development
of secondary hyperalgesia in an experimental human burn
model10 and reduces capsaicin-evoked hyperalgesia.11 Other
human studies using experimental inflammatory pain mod-
els have not been able to confirm the peripheral actions of
ketamine.12,13 These experimental studies have also empha-
sized the local analgesic properties of ketamine.

Recently, 4 uncontrolled studies have been published
to report good analgesia but no side effects after topical ad-
ministration of ketamine gel in chronic unrelieved neuropathic
pain,14,15 complex regional pain syndrome,16 and postopera-
tive pain.17 Yet a recent double-blind placebo-controlled pilot
study failed to demonstrate analgesic effects of topical keta-
mine in neuropathic pain.18 However, in this study, neurosen-
sory testing during the gel application was not performed. In
the absence of placebo-controlled studies of the effects of
topically administered ketamine gel on skin sensitivity, we
wanted to assess the neurosensory effects of ketamine gel
using the experimental capsaicin model.

MATERIALS AND METHODS
The study was approved by the Institutional Ethics

Committee and performed at McGill-MGH Pain Center. A
written informed consent was received from 9 healthy vol-
unteers. Themean (SD) age, height, andweight of the participants
were 36 (8.6) years, 170 (15.2) cm, and 69 (16.1) kg, respectively.
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The volunteers participated in the study on 3 days with
1-week intervals. During each session, prior to the capsaicin
injection, each subject received 1 of the following treatments
in a randomized, double-blind, and crossover manner: 1)
topical ketamine gel on the left lower forearm and placebo gel
on the right forearm; 2) placebo gel on the left lower forearm
and ketamine gel on the right forearm; or 3) placebo gel on
both sides. The volume of each gel application was 1 mL and
the concentration of ketamine 50 mg/mL. The gel was rubbed
into the skin 10 minutes before the injection of capsaicin.

On each occasion, 25 mL (250 mg) of capsaicin was
injected intradermally on the left volar forearm. The injection
site was marked on the first testing day, and each subsequent
injection was given 2 cm proximally to the previous one.
Before the application of the gel and 5, 15, 30, 45, and 60
minutes after the capsaicin injection, spontaneous and evoked
pain and skin sensitivity to heat were assessed. Allodynic pain
or dysesthesia was evoked with a cotton gauze pad and
hyperalgesia with a von Frey microfilament (164.32 g). The
skin sensitivity on heat was evaluated using a 25 3 50 mm
rectangular Peltier contact thermode applied to the skin. Three
temperatures, 38�C, 42�C, and 47�C, were tested in a random
order. The intensity and unpleasantness of each sensation were
assessed using a 10-cm visual analog scale. All tests were
performed both on the left forearm injected with capsaicin and
on the right arm, which served as a control. In addition, the
area of allodynic/dysesthetic skin sensation was measured.
The experiments were carried out in the morning in the
temperature of 24�C.

At each time, to assess the possible central nervous
system effects of ketamine, the volunteers were asked the
following questions: Do you feel a drug effect? Do you feel the
drug effect is unpleasant? Do you feel nauseated? Could you
drive a car safely right now? Do you feel sleepy, woozy, or
drunk? Do you feel dissociated? Do you have strange feelings?
Do you feel alienated?

Ketamine gel was prepared by a private pharmacy using
a commercially available ketamine hydrochloride (Ketalar�,
Pfizer) and a plutonic lecithin organocream. In the open pre-

testing of ketamine concentrations 5, 10, 30, and 50 mg/mL,
the concentration of 50 mg/mL appeared to be the most
effective in the capsaicin test.

Tests for mechanical and tactile allodynia were repeated
3 times and the thermal test twice; the mean value of the tests
was used for statistical analysis, which was performed using
analysis of variance for repeated measurements (ANOVA;
SPSS-8 for Windows). Significance was accepted as P, 0.05.
The area under the curve (AUC) was calculated for the
hyperalgesic and allodynic skin area versus time curve. The
data is expressed as means 6 SD (figures) or means 6 95%
confidence intervals (CI).

RESULTS
Each time after capsaicin injection, intense pain was

experienced by all subjects for 7 minutes. This spontaneous
burning pain was unaffected by ketamine gel (Fig. 1). Mod-
erate mechanical hyperalgesia was observed only in the left
forearm after capsaicin injection in all subjects. The intensity
of mechanical hyperalgesia was statistically significantly
reduced by ketamine gel applied both on the left side and
on the right side (Fig. 2). Both the intensity and the un-
pleasantness of pain were reduced in a similar way.

Neither tactile allodynia evoked by a brush nor thermal
hyperalgesia were observed in any volunteer. However, a
dysesthetic sensation to brush was reported by 7 subjects. The
areas of dysesthetic skin and mechanical hyperalgesia were
reduced by ketamine gel (not significant) (Table 1).

Ketamine gel had no effects on the sensitivity of skin in
the right, control arm. We observed no local or systemic side
effects after the application of ketamine gel. No subject
reported of any drug-effects.

DISCUSSION
We choose to use intradermal capsaicin model for

various reasons. First, capsaicin, when injected intradermally,
produces an initial acute short-lasting neurogenic pain due to
chemical inflammation in peripheral sensory fibers by acting
on vanilloid receptors, which is followed by hyperalgesia and

FIGURE 1. The mean intensity of
spontaneously reported pain after
capsaicin injection. PL, placebo; KET,
ketamine gel on the capsaicin arm;
PLKET, ketamine gel on the control
arm.
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allodynia due to central sensitizing.19 Secondly, experimental
studies have indicated that there is an interaction between
vanilloid and NMDA receptors in the CNS.20,21 Thirdly, in
human studies, capsaicin-evoked hyperalgesia has been sensi-
tive to intravenous ketamine.22,23

Unfortunately, the capsaicin method has its drawbacks.
High numbers of nonresponders and large coefficients of
variance have been reported.22,24–26 Similarly, we failed to
observe thermal hyperalgesia or allodynia (but only dyses-
thesia) due to capsaicin injection and thus could not assess the
effects of ketamine in this respect. Whether rubbing the gel
into the skin would have any effect on the skin sensitivity
requires further studies.

The major finding of this study was the significant al-
leviation of intensity but not the area of capsaicin-evoked
mechanical hyperalgesia by 50 mg of topically applied keta-
mine gel without any side effects. Also, the dysesthetic area
was reduced, but not significantly. These observations are in
accordance with the studies by Warncke et al10 and Koppert
et al,11 in which a moderate dose-related antihyperalgesic
effect of intradermal ketamine was reported. However, 2 other
studies12,13 failed to demonstrate analgesic effects of periph-
erally administered ketamine in the capsaicin and burn models.
There are several differences between these previous studies
and ours.

We did not use any systemic analgesic as a positive
control in our study, but chose a dose (250 mg) of capsaicin for

which the effect has been shown to be sensitive for intra-
venous ketamine.21 In the studies by Koppert et al11 and
Gottrup et al,13 only 10 and 100 mg of capsaicin, respectively,
was used and ketamine was injected. To avoid possible erro-
neous subcutaneous administration, ketamine was not injected
but was permitted to be absorbed through the entire skin in our
study. The NMDA receptors are located in unmyelinated axons
at the dermal-epidermal junction,27 and thus they might be
reached better with absorbed transdermal ketamine than with
the injected type.

In addition to the NMDA receptor antagonism, ketamine
in high concentrations (.11 mM) blocks in vitro voltage-
sensitive Na/K and Ca2+ channels, muscarinic receptors, and
uptake of noradrenalin, dopamine, and serotonin.28–31 We be-
lieve that a direct local analgesic effect of ketamine is unlikely
in our study, because ketamine did not reduce the acute intense
pain evoked by capsaicin nor did it influence on the skin
sensation of the control arm. Also, in our study, the anti-
hyperalgesic effect was achieved with ketamine administered
on both arms, meaning systemic absorption of ketamine. Be-
cause we did not observe any side effects by ketamine, the
plasma concentration of ketamine most likely did not reach
the level necessary28–31 for local anesthetic effect of ketamine.

Central nervous system effects have been found
even with low concentration (50–100 ng/mL) of racemic
ketamine,32,33 whereas 150 to 200 ng/mL would be sufficient
for analgesia in acute nociceptive,34 neuropathic,35 and experi-
mental pain36 in man. These concentrations have been mea-
sured after intravenous doses of 0.5 to 2 mg/kg of ketamine.
However, in the study of Wallace et al,36 antihyperalgesic ef-
fects of ketamine were observed at lower plasma ketamine
concentrations than those required for observable CNS effects.
Azevedo et al suggested that the bioavailability of ketamine
is 25% after transdermal application,17 but a recent study18

reported no detectable intravenous absorption of ketamine gel
after topical application. In the latter study, the method of
administration of the gel was not described in detail, and a
comprehensive pharmacokinetic study was not performed.

FIGURE 2. The mean (SD) intensity of
capsaicin-evoked mechanical hyperal-
gesia. PL, placebo; KET, ketamine gel
on the capsaicin arm; PLKET, ketamine
gel on the control arm. Statistically
significant differences between PL and
KET and PL and PLKET are marked with
* (P , 0.05, ANOVA).

TABLE 1. The AUC of the Areas of Hyperalgesic and
Dysesthetic Skin

Treatment Hyperalgesia 95% CI Dysesthesia 95% CI

Placebo 1638 440 1944 1977

Ketamine 1348 737 649 310

Placebo/ketamine 1464 475 2374 495

Mean values 6 95% CI are reported. Placebo/ketamine refers to the application of
ketamine gel on the control arm.
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Because placebo was used in the present crossover blind
study, we were unfortunately not able to draw blood samples
for measurements of plasma ketamine levels. The dose of
50 mg of ketamine appeared to be the lowest dose to produce
analgesia in our preliminary tests. Compared with the doses
(10–700 mg topically) used in patients,14 our dose was rela-
tively low. Because we did not detect any typical CNS effects
of ketamine, we—in the absence of the ketamine plasma
levels—cannot rule out that the topically administered keta-
mine could have targeted the peripheral NMDA receptors after
systemic absorption.

Although hyperalgesia may be due to sensitization of
peripheral nociceptors,37 capsaicin-induced hyperalgesia has
been convincingly shown to be caused by the central sensi-
tization.38,39 Nevertheless, a recent experimental study pro-
posed a peripheral mechanism for ketamine-induced anti-
hyperalgesic effect in a thermal injury model,9 we suggest
rather a central mechanism or a combination of peripheral and
central mechanisms in our study.

It is difficult to suggest any direct clinical implications of
our findings and the previous studies published on the topical
administration of ketamine.14–18 A very positive outcome has
been noted in all open studies,14–17 but the recent double-blind
and randomized pilot study could not find any analgesic effect
of topical ketamine gel in neuropathic pain.18 Several possible
explanations could account for why ketamine gel was inef-
fective in the pilot study. It is not known if the patients had
received pain relief from systemic ketamine. In addition, the
absorption of ketamine could be affected by the composition
of the gel and the method of application. It would be in-
teresting to find out how patients who receive pain relief from
intravenous ketamine would respond to transdermal ketamine.

CONCLUSION
In conclusion, we observed a significant antihyperalge-

sic effect of topically applied ketamine in capsaicin model in
man. We propose that the mechanism of this effect would be
the reduction of central sensitization caused by the absorption
of ketamine in circulation. The role of the possible block of
peripheral NMDA receptors and other peripheral mechanisms
remains to be studied. Also, studies on clinical pain and
pharmacokinetics of transdermal ketamine in enriched patient
populations are warranted.
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REFERENCES
1. Bennett GJ. Update on the neurophysiology of pain: transmission and

modulation: focus on the NMDA-receptor. J Pain Symptom Manage.
2000;19:S2–S6.

2. Nelson KA, Park KM, Robinovitz E, et al. High-dose oral dextro-
methorphan versus placebo in painful diabetic neuropathy and post-
herpetic neuralgia. Neurology. 1997;48:1212–1218.

3. Rabben T, Skjellbred P, Oye I. Prolonged effect of ketamine, an N-methyl-
D-aspartate receptor inhibitor, in patients with chronic pain. J Pharmacol
Exp Ther. 1999;289:1060–1066.

4. Haines DR, Gaines SP. N of 1 randomised controlled trials of oral
ketamine in patients with chronic pain. Pain. 1999;83:283–287.

5. Carlton SM, Coggeshall RE. Inflammation-induced changes in peripheral
glutamate receptor populations. Brain Res. 1999;820:63–70.

6. Carlton SM, Zhou S, Coggeshall RE. Evidence for the interaction of
glutamate and NK1 receptor in the periphery. Brain Res. 1998;790:160–169.

7. Davidson EM, Coggeshall RE, Carlton SM. Peripheral NMDA and non-
NMDA glutamate receptors contribute to nociceptive behaviors in the rat
formalin test. Neuroreport. 1997;8:941–946.

8. Liu XJ, White TD, Sawynok J. Intraplantar injection of glutamate evokes
peripheral adenosine release in the rat hind paw: involvement of peripheral
ionotropic glutamate receptors and capsaicin-sensitive sensory afferents.
J Neurochem. 2002;80:562–570.

9. Oatway M, Reid A, Sawynok J. Peripheral antihyperalgesic and analgesic
actions of ketamine and amitriptyline in a model of mild thermal injury in
the rat. Anesth Analg. 2003;97:168–173.

10. Warncke T, Jorum E, Stubhaug A. Local treatment with the N-methyl-D-
aspartate receptor antagonist ketamine, inhibit development of secondary
hyperalgesia in man by a peripheral action. Neurosci Lett. 1997;227:
1–4.

11. Koppert W, Zeck S, Blunk JA, et al. The effects of intradermal fentanyl and
ketamine on capsaicin-induced secondary hyperalgesia and flare reaction.
Anesth Analg. 1999;89:1521–1527.

12. Pedersen JL, Galle TS, Kehlet H. Peripheral analgesic effects of ketamine
in acute inflammatory pain. Anesthesiology. 1998;89:58–66.

13. Gottrup H, Bach FW, Arendt-Nielsen L, et al. Peripheral lidocaine but not
ketamine inhibits capsaicin-induced hyperalgesia in humans. Br J Anaesth.
2000;85:520–528.

14. Crowley KL, Flores JA, Hughes CN, et al. Clinical application of
ketamine in the treatment of neuropathic pain. Int J Pharm Compound.
1998;2:122–127.

15. Quann D, Wellish M, Gilden DH. Topical ketamine treatment of
postherpetic neuralgia. Neurology. 2003;60:1391.

16. Ushida T, Tani T, Kanbara T, et al. Analgesic effects of ketamine ointment
in patients with complex regional pain syndrome type I. Reg Anesth Pain
Med. 2002;27:524–528.

17. Azevedo V, Lauretti G, Pereira NL, et al. Transdermal ketamine as an
adjuvant for postoperative analgesia after abdominal gynecological sur-
gery using lidocaine epidural blockade. Anesth Analg. 2000;91:1479–
1482.

18. Lynch ME, Clark AJ, Sawynok J. A pilot study examining topical
amitriptyline, ketamine and a combination of both in the treatment of
neuropathic pain. Clin J Pain. 2003;19:323–328.

19. Liu M, Max MB, Robinovitz E, et al. The human capsaicin model of
allodynia and hyperalgesia: sources of variability and methods for
reduction. J Pain Symptom Manage. 1998;16:10–20.

20. Afrah AW, Stiller CO, Olgart L, et al. Involvement of spinal N-methyl-D-
aspartate receptors in capsaicin-induced in vivo release of substance P in
the rat dorsal horn. Neurosci Lett. 2001;316:83–86.

21. Palazzo E, de Novellis V, Marabese I, et al. Interaction between vanilloid
and glutamate receptors in the central modulation of nociception. Eur J
Pharmacol. 2002;439:69–75.

22. Park KM, Max MB, Robinovitz E, et al. Effects of intravenous ketamine,
alfentanil, or placebo on pain, pinprick hyperalgesia and allodynia pro-
duced by intradermal capsaicin in human subjects. Pain. 1995;63:163–
172.

23. Andersen OK, Felsby S, Nikolajsen L, et al. The effect of ketamine on
stimulation of primary and secondary hyperalgesic areas induced by
capsaicin—a double-blind, placebo-controlled, human experimental study.
Pain. 1996;68:51–62.

24. Hughes A, Macleod A, Growcott J, et al. Assessment of the repro-
ducibility of intradermal administration of capsaicin as a model for in-
ducing human pain. Pain. 2002;99:323–331.

25. Liu M, Max MB, Robinovitz E, et al. The human capsaicin model of
allodynia and hyperalgesia: sources of variability and methods for
reduction. J Pain Symptom Manage. 1998;16:10–20.

26. Ali Z, Meyer RA, Campbell JN. Secondary hyperalgesia to mechanical
but not heat stimuli following a capsaicin injection in hairy skin. Pain.
1996;68:401–411.

q 2005 Lippincott Williams & Wilkins 35

Clin J Pain � Volume 22, Number 1, January 2006 Ketamine and Capsaicin-Evoked Hyperalgesia

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited. 



27. Davidson EM, Coggeshall RE, Carlton SM. Peripheral NMDA and non-
NMDA glutamate receptors contribute to nociceptive behaviors in the rat
formalin test. Neuroreport. 1997;8:941–946.

28. Arhem P, Rydqvist B. The mechanism of action of ketamine on
the myelinated nerve membrane. Eur J Pharmacol. 1986;126:245–251.

29. Shrivastav BB. Mechanism of ketamine block of nerve conduction.
J Pharmacol Exp Ther. 1977;201:162–170.

30. Wagner LE 2nd, Gingrich KJ, Kulli JC, et al. Ketamine blockade of
voltage gated sodium channels: evidence for a shared receptor site with
local anesthetics. Anesthesiology. 2001;95:1406–1413.

31. Rieckziegel G, Friedrich P, Urban PW. Ketamine effects on human
neuronal Na+ channels. Eur J Anaesthesiol. 2002;19:634–640.

32. Sawynok J, Reid A. Peripheral interactions between dextromethorphan,
ketamine and amitriptyline on formalin-evoked behaviors and paw edema
in rats. Pain. 2003;102:179–186.

33. Pfenniger EG, Durieux ME, Himmelseher S. Cognitive impairment after
small-dose ketamine isomers in comparisons to equianalgesic racemic
ketamine in human volunteer. Anesthesiology. 2002;96:357–366.

34. Grant IS, Nimmo WS, Clements JA. Pharmacokinetics and analgesic
effects of i.m. and oral ketamine. Br J Anaesth. 1981;53:805–810.

35. Leung A, Wallace MS, Ridgeway B, et al. Comparison-effect relation-
ship of intravenous and ketamine on peripheral neurosensory thresholds,
allodynia and hyperalgesia of neuropathic pain. Pain. 2001;91:
177–187.

36. Wallace MS, Ridgeway B, Leung A, et al. Concentration-effect
relationships for intravenous alfentanil and ketamine infusions in human
volunteers: effects on acute thresholds and capsaicin-evoked hyperpathia.
J Clin Pharmacol. 2002;42:70–80.

37. Treede RD, Meyer RA, Raja SN, et al. Peripheral and central mechanisms
of cutaneous hyperalgesia. Prog Neurobiol. 1992;38:397–421.

38. LaMotte RH, Shain CS, Simone DA, et al. Neurogenic hyperalgesia:
psychophysical studies of undelying mechanisms. J Neurophysiol. 1991;
66:190–211.

39. Kilo S, Schmelz M, Koltzenburg M, et al. Different patterns of hyper-
algesia induced by experimental inflammation in human skin. Brain.
1994;117:385–396.

36 q 2005 Lippincott Williams & Wilkins
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