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Aims: To assess the analgesic effect of intranasal administration of S-ketamine
in different rat models of facial pain. Methods: Nociceptive responses induced
by formalin injected into the upper lip and facial hyperalgesia induced by
capsaicin or carrageenan injected into the upper lip were used to evaluate
the analgesic effect of intranasal ketamine in acute facial pain models in rats
(n = 173). The effect of intranasal ketamine on heat and mechanical hyperalgesia
induced by constriction of the infraorbital nerve (CION) was also evaluated. In
addition, locomotor activity in the open field test was assessed after intranasal
ketamine administration. Two-way repeated measures analysis of variance
followed by Bonferroni post hoc correction were used to analyze all data.
Results: Intranasal ketamine (0.5 mg/kg) failed to modify the first phase of the
orofacial formalin test, but reduced the second phase by about 40%. Intranasall
ketamine also reduced the facial heat hyperalgesia induced by capsaicin and
carrageenan. In the CION model, intranasal ketamine at 0.5 mg/kg reversed
the heat hyperalgesia and at 1 mg/kg attenuated the mechanical hyperalgesia
4 and 14 days after the surgery, respectively. The open field test did not reveal
locomotor deficits in rats treated with intranasal ketamine. Conclusion: This
study has demonstrated that intranasal ketamine produces analgesic effects in
inflammatory and neuropathic facial pain models and may represent an adjuvant
in the treatment of such conditions, especially when rapid pain relief is needed.
J Oral Facial Pain Headache 2018,32:238-246. doi: 10.11607/0fph.1973
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1960s as an anesthetic agent capable of inducing dissocia-
tive anesthesia, and about 20 years later it was demonstrated
to act as an antagonist of N-methyl-D-aspartate (NMDA) recep-
tors.! As NMDA receptors emerged as crucial contributors to central
sensitization in acute and chronic pain states, many clinical studies
have addressed the analgesic potential of ketamine in different pain
conditions.?™®
Most of these studies have assessed the effects of parenteral
administration (ie, mainly boluses or infusions) or oral administration,
and some of them have shown promising results.® However, the poor
bioavailability of ketamine limits its oral use in the clinical setting, and
systemic administration of ketamine in pain treatment raises safety con-
cerns about recreational use in addition to its well-known psychotomi-
metic and cognitive adverse effects.”®
Some clinical studies have reported that intrasanal administration
of ketamine is able to induce analgesia in patients with chronic pain
and that it promotes rapid pain relief with a small number of side ef-
fects.® " It has been described that the bioavailability of the ketamine
nasal spray is approximately 45%, which is slightly greater in compari-
son with sublingual administration, rectal administration, and especial-
ly oral administration.'>'® It is also noteworthy that the intranasal route
provides a noninvasive method of bypassing the blood-brain barrier to
rapidly deliver therapeutic agents to the brain, spinal cord, and other

Ketamine was introduced into clinical medicine during the late
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cerebral structures, and it also allows drug delivery
to orofacial structures innervated by the trigeminal
nerve." Thus, the intranasal route may represent a
safe and noninvasive method to explore the analgesic
potential of ketamine that may result in more favorable
outcomes, especially in orofacial pain conditions.

Ketamine is available for oral use in humans as
a racemate or S-isomer. S-ketamine has been de-
scribed as being four times more potent an analgesic
than the racemate and the R-isomer and has been
demonstrated to have a higher affinity for the NMDA
receptor than the racemic compound.®15-"7

There is some clinical evidence that ketamine
treatment may also be beneficial for the treatment of
some painful orofacial conditions. Local or systemic
administration of ketamine has been shown to reduce
orofacial postoperative pain, including ameliorating
some inflammatory parameters and patients’ anxi-
ety levels in some studies.'®'822 |n chronic orofacial
pain conditions, studies have reported that a variable
proportion of the patients presented significant pain
relief with use of systemic ketamine, but the data are
very limited and the populations studied have been
too heterogenous to draw a conclusion.'®2? In light of
these considerations, the aim of this study was to as-
sess the analgesic effect of intranasal administration
of S-ketamine in different rat models of facial pain.

Material and Methods

Animals

Experiments were performed on a total of 173 adult
male Wistar rats (Rattus norvegicus) weighing 200
to 220 g. The rats were housed five per cage on
wood shaver bedding in a climate-controlled room at
22 + 2°C on a 12-hour light/dark cycle (lights on at
7:00 am) with laboratory chow and tap water ad li-
bitum. Experiments were conducted during the light
phase of the cycle, and the animals were acclimatized
to the laboratory for at least 48 hours before testing.
Animals were provided by the animal care facility of
Universidade Federal do Parana (UFPR) with all pro-
cedures previously approved by UFPR’s Institutional
Committee on the Ethical Use of Animals (authoriza-
tion #980) and performed in accordance with ethical
guidelines, including the policies and recommenda-
tions of the International Association for the Study of
Pain and Brazilian regulations on animal welfare. The
experiments were always performed by two experi-
menters, one responsible for treatment and one for
testing; thus, the experimenter responsible for animal
testing was always blind to the animal treatment. All
efforts were made to provide the animals comfortable
housing with conspecifics and good care and han-
dling in the research facilities according to the recom-
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mendations of the Brazilian Agency National Council
of Control of Experimental Animals (CONCEA) and
to minimize the number of animals used.

Drugs and Reagents

The following drugs were used: carrageenan
(Sigma), formalin (Vetec), capsaicin (Sigma), thiopen-
tal (Cristalia), and ketamine (Ketamin-S, Cristalia).
Carrageenan and formalin were dissolved in isotonic
saline just before use. Capsaicin was prepared in a
stock solution containing 10% Tween 80 and 10%
ethanol in phosphate-buffered saline (PBS; pH 7.4),
maintained at —18°C and dissolved in isotonic saline
just before use. The concentration of ethanol in the
final solution never exceeded 0.5%, as this concen-
tration has been reported not to cause any hyperal-
gesic effect.?*

Intranasal Administration of Ketamine
Ketamine is a racemic mixture containing equal parts
R-ketamine and S-ketamine. In this study, the effects
of S-ketamine were examined, since it has approxi-
mately four-fold greater affinity for the NMDA recep-
tor than the R-isomer, is about four times more potent
an anesthetic and analgesic than the R-enantiomer,
and is approximately two times more effective than
the racemic mixture of ketamine.'® The choice of ket-
amine doses (0.5 and 1.0 mg/kg) was based on pre-
vious studies that have demonstrated its analgesic
efficacy by the intranasal route.'®2%2¢ |n addition, it
has been described that the maximum plasma con-
centration and antinociceptive effects of ketamine
have been observed within 30 minutes after its intra-
nasal administration.®'%'2 Based on this information,
the treatments performed in this study were always
initiated 15 minutes prior to the behavioral tests. For
intranasal administration of ketamine, rats were initial-
ly lightly anesthetized with halothane in a supine posi-
tion and received ketamine into the nostrils (20 uL/kg
in each nostril) with the help of a micropipette.

Facial Formalin Test

This test was conducted as previously described.?’
Each animal was left individually in acrylic cages to
adapt for at least 30 minutes. Next, each animal re-
ceived a subcutaneous injection into the right upper
lip of 2.5% formalin or vehicle (50 pL isotonic saline)
and was placed immediately in the observation cage.
The facial grooming time was registered in 3-minute
intervals for a total period of 30 minutes. The formalin
test consisted of the first phase (0 to 3 minutes), the
quiescent phase (3 to 12 minutes), and the second
phase (12 to 30 minutes). To assess the effect of in-
tranasal ketamine, rats received intranasal ketamine
(0.5 mg/kg) or isotonic saline equivolume (20 pL/kg)
15 minutes before the formalin injection and were
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returned immediately to the observation cage (n = 7
to 9 in each group).

Constriction of the Infraorbital Nerve
Constriction of the infraorbital nerve (CION) was
performed as described by Vos et al*® with some
modifications.?® In brief, rats were anesthetized by
an intraperitoneal injection of thiopental (50 mg/kg).
Under the right eye, the skin of the snout was incised
unilaterally about 3 mm caudal to the mystacial pads.
The infraorbital nerve was exposed by dissection of
the adjacent tissues in the vicinity of the infraorbital
fissure. As branches of the facial nerve are close to
this region, care was taken not to damage them. Two
silk 4-0 ligatures were tied loosely around the infra-
orbital nerve 2 mm apart, and the wound was closed
with additional silk sutures. Sham-operated rats were
treated identically, but no ligatures were applied to
the infraorbital nerve. At the end of the surgery, rats
were kept in a warm room until complete recovery
from anesthesia. Independent groups of sham and
CION rats were used for each behavioral test.

Evaluation of Heat Hyperalgesia

Facial Heat Hyperalgesia. Thermal sensory thresh-
old was evaluated based on the original protocol®°
with some minor modifications and as already exten-
sively detailed.?'-3% Briefly, the rat was individually
and gently restrained by the experimenter to allow
the placement of a radiant heat source (about 50°C)
exactly 1.1 cm from the surface of the right vibrissal
pad. The intensity of the thermal stimulus was adjust-
ed so that it raised the vibrissal pad skin temperature
to 50°C within 15 seconds. This equipment allows for
adjustment of the temperature, and by the time the
protocol was set, the heat intensity was adjusted to
result in a baseline for the nocifensive response time
of around 10 seconds®®; this time was used in the
present study. The time (in seconds) required for the
rat to show either withdrawal of the head or vigorous
flicking of the snout was recorded using a stopwatch.
A cutoff time of 20 seconds was established to pre-
vent tissue damage. Heat hyperalgesia was consid-
ered as a significant reduction in the time to exhibit
the nociceptive responses following the radiant heat
application.

Capsaicin-Induced Facial Heat Hyperalgesia.
Facial heat hyperalgesia induced by upper lip injection
of capsaicin was evaluated as previously described.??
Following the evaluation of the basal thermal sensory
threshold, the animals received a subcutaneous in-
jection of vehicle (isotonic saline, 50 L) or capsaicin
(8 ug/50 L) into the upper lip, and response laten-
cies to the thermal stimulus were assessed 0.5, 1, 2,
3, and 4 hours postinjection. To examine the effect of
intranasal ketamine on capsaicin-induced facial heat
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hyperalgesia, rats received ketamine (0.5 mg/kg) or
isotonic saline equivolume (20 pL/kg, by intranasal
injection) at 15 minutes before capsaicin or vehicle
(isotonic saline) injection (n = 7 to 10 in each group).

Carrageenan-Induced Facial Heat Hyperalgesia.
Following the evaluation of the basal thermal sensory
threshold, the animals received a subcutaneous injec-
tion of vehicle (50 uL isotonic saline) or carrageenan
(100 pg/50 pL) into the upper lip, and the heat stim-
ulation was repeated every hour up to 6 hours.®* To
evaluate the effect of intranasal ketamine (0.6 mg/kg)
pretreatment in carrageenan-induced facial heat hy-
peralgesia, animals were treated with ketamine 15
minutes before carrageenan injection. In another set
of experiments, to assess the effect of posttreatment
with ketamine on carrageenan-induced heat hyperal-
gesia, the animals received ketamine 2.5 hours after
the carrageenan injection, when the heat hyperalge-
sia was already established. Control animals received
an intranasal injection of isotonic saline (20 plL/kg)
followed by a local injection of vehicle (n = 7 to 9 in
each group).

Heat Hyperalgesia Associated with Infraorbital
Nerve Injury. Heat sensory thresholds were mea-
sured before surgery and 4 days after surgery as pre-
viously described. To examine the effect of ketamine
on CION-induced thermal heat hyperalgesia, rats re-
ceived ketamine (0.5 mg/kg) or isotonic saline equiv-
olume, and response latencies to the thermal stimulus
were assessed at 0.5, 1, 2, 3, and 4 hours postinjec-
tion (n = 6 to 9 each group). Only the operated side
of the face was tested since the development of heat
hyperalgesia following CION is unilateral (at least
when performed by the surgical method described
abovem—as,ss)_

Mechanical Hyperalgesia Associated with
Infraorbital Nerve Injury

Facial mechanical hypersensitivity was assessed be-
fore surgery and 14 days after surgery. During each
testing session, animals were habituated to individ-
ual cages (80 X 30 X 30 cm) for a minimum of 2
hours as described.®®3” Mechanical thresholds were
measured using calibrated von Frey filaments ranging
from 0.04 to 8 g. The filaments were applied in as-
cending order three times near the center of the right
vibrissal pad, beginning with the 0.04-g filament, until
the filament was able to evoke one of the following
nociceptive behaviors twice: brisk head withdrawal;
escape or attack reactions; or short-lasting facial
grooming. Only rats that did not react to application
of the 8-g filament at presurgery testing were used
for subsequent testing. To examine the effects of in-
tranasal ketamine on mechanical hypersensitivity, rats
received ketamine (0.5 mg/kg or 1 mg/kg) or isotonic
saline equivolume, and mechanical thresholds were
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Fig 1 Effect of intrasanal ketamine on facial nociception induced by formalin. (a) Time course of formalin-induced nociceptive behavior
compared to vehicle (isotonic saline) and the effect of ketamine throughout the observation period. The cumulative grooming response
(b) in the first 3 minutes after injection (first phase) and (c) from 12 to 30 minutes after the injection (second phase). Values represent

mean = SEM of 7 to 9 rats per group.

2P < .05 compared to corresponding value of isotonic saline + vehicle group.
®P < .05 compared to corresponding value of isotonic saline + formalin group. Two-way repeated measures ANOVA followed by

Bonferroni poct hoc test were used.

assessed at 0.5, 1, 2, 3, and 4 hours posttreament
(n = 6 to 8 in each group). Although the development
of mechanical hyperalgesia is bilateral after CION,”
only the ipsilateral side of the face was tested to avoid
overstimulation of the animal during assessment of
the time course of ketamine effects.

Open Field Test

The open field test was used to evaluate the locomo-
tor activity of rats, as previously described.® Animals
were placed individually in the lower right corner of
a square wood arena (30 X 60 X 60 cm), the floor
of which was divided by lines into six small squares.
Briefly, the crossings between the squares were
counted manually for 5 minutes and used as a pri-
mary index of locomotor activity. Only when the rat
placed its two forepaws in the next square and moved
forward was the square considered to be crossed.
The open field test was performed 45 minutes after
intranasal ketamine or isotonic saline administration
(n = 9 in each group), the time interval in which the
drug presents consistent anti-hyperalgesic effects.

Statistical Analyses

All data are presented as mean * standard error of the
mean (SEM). Two-way repeated measures analysis of
variance (ANOVA) was used to analyze all data, with
drug treatment as the independent factor and the dif-
ferent time points of evaluation of nociceptive behav-
ior as the repeated measure. In cases of significant
differences with the independent factor or with the

interaction between the independent and repeated
factors, one-way ANOVA followed by the Bonferroni
post hoc test was performed. In all statistical analy-
ses, P values < .05 were considered significant.

Results

Effect of Intrasanal Ketamine on Facial
Nociception Induced by Formalin

Injection of formalin (2.5%) in the upper lip compared
to vehicle induced two phases of significant increase
in facial grooming time. Pretreament with intranasal
ketamine (0.5 mg/kg; 15 minutes beforehand) failed
to modify the first phase of the formalin response
(Figs 1a and 1b). However, ketamine administration,
but not isotonic saline, caused a significant reduction
(ie, by about 40%) in the second phase of the forma-
lin response (Figs 1a and 1c). The formalin vehicle
used did not induce significant increases in the facial
grooming time in either phase (Figs 1b and 1c).

Effect of Intrasanal Ketamine on Heat
Hyperalgesia Induced by Capsaicin or
Carrageenan

Injection of capsaicin into the upper lip induced heat
hyperalgesia that lasted for 2 hours. Pretreatment
with intranasal ketamine (0.5 mg/kg; 15 minutes be-
forehand), but not isotonic saline, was able to pre-
vent the development of heat hyperalgesia induced
by capsaicin, causing an anti-hyperalgesic effect that

Journal of Oral & Facial Pain and Headache 241

© 2018 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY.
NO PART MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER.



Claudino et al

-@ Saline + vehicle (h = 7)
Ketamine + vehicle (n = 8)

-Bl- Saline + capsaicin (n = 9)
Ketamine + capsaicin (n = 10)

12 -
@ T __A/§\I
z 9 ‘\\v—— 4
.95 ) . oo
= b
g 6 .
c a
[e}
Q
pe® 05 i 2 3 4

Time postcapsaicin (h)

a

-@ Saline + vehicle (n = 7)
Ketamine + vehicle (n = 8)

-ll- Saline + carrageenan (n = 7)
Ketamine + carrageenan (n = 9)

124
> 9ol T N o— ¥ —8m
e . i =
5 . a -
K [ — n
% 61 a a ‘
C
o
Q.
Pre 1 o kA3 4 5 6

Time postcarrageenan (h)

b

Fig 2 Effect of intranasal ketamine on heat hyperalgesia induced by (a) capsaicin or (b) carrageenan. (a) Heat hyperalgesia was
assessed before the ketamine or isotonic saline intranasal treatments (Pre) and at 30 minutes after capsaicin or vehicle (isotonic saline)
injection to 4 hours at 1-hour intervals. (b) Heat hyperalgesia was assessed before local treatment with vehicle or carrageenan (Pre) and
at 1-hour intervals to 6 hours after intranasal isotonic saline or ketamine administration. Values represent mean £ SEM of 7 to 10 rats per

group. The arrow indicates administration of ketamine.

2P < .05 compared to corresponding value of isotonic saline + vehicle group.
PP < .05 compared to corresponding value of isotonic saline + capsaicin or isotonic saline + carrageenan group. Two-way repeated

measures ANOVA followed by Bonferroni poct hoc were was used.

was detected 30 minutes up to 1 hour after capsaicin
injection. The local administration of vehicle or the
intranasal administration of ketamine in the isotonic
saline—treated rats did not modify the thermal thresh-
old of these animals during the testing period (Fig 2a).

Injection of carrageenan into the upper lip pro-
duced a significant reduction in the latency to display
head withdrawal or vigorous snout flicking compared
to the vehicle group between 2 and 4 hours post-
injection. However, the posttreatment with ketamine
(2.5 hours after carrageenan injection) caused a
marked but short-lasting (30 minutes) reduction in
inflammatory heat hyperalgesia. Animals treated with
vehicle in the upper lip and that received intranasal
administration of isotonic saline or ketamine did not
show any significant change in the response latency
to the heat stimulus during the testing period (Fig 2b).

Effect of Intranasal Ketamine on Heat and

Mechanical Hyperalgesia Induced by CION

The effect of intranasal administration of ketamine
was next evaluated in the model of orofacial neuro-
pathic pain. At the 4-day time point, CION reduced
the latency of the animals’ responsiveness to facial
heat stimulants compared to sham-operated animals,
indicating the development of heat hyperalgesia.
Intranasal administration of ketamine (0.5 mg/kg) re-
versed the CION-induced heat hyperalgesia, with an
effect observed at 30 to 60 minutes after administra-
tion (Fig 3a). CION also produced a significant re-
duction in the facial mechanical threshold, detected
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on day 14. The same dose of ketamine (0.5 mg/kg)
that reversed heat hyperalgesia failed to change the
mechanical threshold in sham and CION rats; howev-
er, CION-induced mechanical hyperalgesia was re-
duced by the intranasal administration of ketamine at
1 mg/kg, with significantly higher withdrawal thresh-
olds at 30 minutes postinjection (Fig 3b).

The influence of ketamine treatment was also
evaluated in the open field test. There was no sig-
nificant difference in the number of crossed squares
between rats that received intranasal ketamine or iso-
tonic saline (565.2 *+ 3.7 and 58.4 + 2.6, respectively,
P = .48; data not shown), suggesting that intranasal
ketamine treatment did not cause a locomotor deficit
in the animals.

Discussion

Current evidence suggests that ketamine adminis-
tered intranasally is very useful for reducing pain as-
sociated with several distinct conditions in hospital
emergencies,?®26:39-41 including burn dressing,"" pe-
diatric laceration repair,*' and control of postoperative
pain,*242 as well as in prehospital settings (eg, in cas-
es of accidents or disasters).** The present results
provide preclinical evidence that intranasal ketamine
promotes rapid relief of orofacial pain of inflammatory
and neuropathic origin, suggesting that its use by the
intranasal route deserves further clinical investigation
in orofacial pain conditions.
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Fig 3 Effect of intranasal ketamine on heat and mechanical hyperalgesia induced by constriction of the infraorbital nerve (CION). (a)
Heat responsiveness of all rats was evaluated before CION or sham surgery (Pre). (@) On day 4 (D4) after surgery, response latency was
measured before intranasal ketamine (0.5 mg/kg) or isotonic saline (equivolume) and at 30 minutes postinjection to 4 hours postinjection
at 1-hour intervals. (b) On day 14 (D14) after surgery, mechanical thresholds were measured before intranasal ketamine (0.5 or 1 mg/kg)
or isotonic saline (equivolume) and at 30 minutes postinjection to 4 hours at 1-hour intervals. Values represent mean £ SEM of rats. The

arrow indicates administration of ketamine.

3P < .05 compared to corresponding value of sham-operated rats treated with vehicle.
P < .05 compared to corresponding value of CION rats treated with vehicle. Two-way repeated measures ANOVA followed by Bonfer-

roni poct hoc test were used.

The present study has demonstrated that intra-
nasal ketamine was able to reduce the inflamma-
tory phase of the formalin test without causing any
change in the first (neurogenic) phase. Several mech-
anisms have been considered to contribute to the
analgesic actions of the systemic administration of
ketamine, such as binding to opioid receptors, bind-
ing to muscarinic and nicotinic cholinergic recep-
tors, inhibition of monoamine reuptake, and blockade
of sodium channels, among others.*® In addition,
anti-inflammatory actions of ketamine have been re-
ported in clinical studies.'®?"22 However, the analge-
sic action of ketamine in humans has been associated
with plasma concentrations in a very low micromolar
range, which is consistent with the blockade of NMDA
receptors.*®*” In line with this idea, the second (tonic)
phase of the formalin response is considered a mod-
el of central sensitization, in which NMDA glutamate
receptors play a crucial role.*® Indeed, antagonists of
NMDA receptors markedly inhibit the second phase
of formalin-induced nociception.*®*° Thus, it is possi-
ble to suggest that the analgesic effect of ketamine in
the second phase of the facial formalin test is due to
the blockade of glutamate receptors that participate
in the nociceptive transmission in the trigeminal sub-
nucleus caudalis. This hypothesis is consistent with
several observations, including the use in the present
study of the S-isomer of ketamine, which has a higher
affinity for the NMDA receptor than the racemic com-

pound.® Activation of NMDA receptors, both in the
trigeminal subnucleus caudalis and the subnucleus
oralis, have been demonstrated to result in a facilita-
tory effect on orofacial nociceptive transmission.®"52
In addition, Otahara et al®® have demonstrated that
MK801, an NMDA receptor antagonist, reduced
c-fos expression in the trigeminal subnucleus cauda-
lis induced by formalin injection into the whisker pad.
It is also important to point out that peripheral NMDA
receptors may contribute to the analgesic effect of
ketamine, as it has been demonstrated that peripher-
al administration of NMDA receptor antagonists were
able to reduce orofacial nociceptive responses.?4-%7
The present study also demonstrated that intra-
nasal administration of ketamine caused a significant
reduction in heat hyperalgesia induced by capsa-
icin and by carrageenan. It is widely accepted that
intradermal injection of capsaicin induces central
sensitization by activating nociceptive C fibers.585°
Likewise, the carrageenan model is a well-estab-
lished rat model of inflammatory pain and mani-
fests hyperalgesia peaking after 1 to 4 hours (acute
pain) and a longer-lasting hyperalgesia (24 to 96
hours) that, in rodents, may be comparable to the
time course of postoperative pain.t°-52 Interestingly,
systemic treatment with ketamine totally prevented
long-lasting carrageenan-induced hyperalgesia.®?
This is the first study that has examined the antihyper-
algesic effect of ketamine by the intranasal route in
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preclinical models, but the present findings are con-
sistent with some clinical studies. Administration of
intranasal ketamine to patients with acute moderate
to severe pain related to several causes, including
fracture, burn, and dislocation, resulted in an 80%
reduction in pain at 15 minutes and in a 100% reduc-
tion at 30 minutes.*' In postoperative pain patients
following wisdom tooth removal, intranasal admin-
istration of ketamine (50 mg) resulted in significant
pain relief within 14 minutes in 70% of the treated
patients, with the peak analgesic effect occurring
around 30 minutes after administration.*® Moreover,
local administration of ketamine in combination with
local anesthetics in patients undergoing surgical re-
moval of impacted mandibular third molars provided
a significantly higher degree of analgesia with less
swelling and minimal side effects.?? In line with this
observation, submucosal infiltration of 0.5 mg/kg of
ketamine around the impacted mandibular third mo-
lar 10 minutes before the incision has been report-
ed to produce significant reduction of postoperative
pain within the first 24 hours. Taken together, these
results point to an important potential application for
ketamine as a preemptive analgesic or as an adjuvant
in the control of orofacial inflammatory and postsurgi-
cal pain, especially when used by a route of adminis-
tration that limits its side effects.

Clinical studies have also pointed out a role for
ketamine in the control of chronic pain. Regarding
studies that used ketamine by the intranasal route,
Huge et al'® demonstrated that in patients with dif-
ferent types of chronic pain, intranasal ketamine re-
duced pain by 70% at 60 minutes postadministration.
Likewise, Carr et al® found that ketamine doses of up
to 50 mg were effective in a significant proportion of
patients with breakthrough pain, with pain relief within
10 minutes of dosing and lasting for up to 60 minutes.
The results of the present study are consistent with
this clinical evidence: Intranasal ketamine produced a
short but significant reduction of heat and mechanical
hyperalgesia associated with CION, which is a mod-
el of trigeminal neuropathic pain. The crucial role of
NMDA receptors in the maintenance of central sen-
sitization has been demonstrated in several models of
neuropathic pain, including of trigeminal neuropath-
ic pain. Several of these studies have also reported
the potential utility of ketamine in reducing several
nocifensive behaviors related to the nerve injury, but
in most cases the side effects of ketamine would be
the major limitation to its clinical application.3648:63-65
Thus, the use of ketamine by the intranasal route may
represent a safer alternative to achieving rapid onset
of analgesia with few side effects.

After intranasal administration, ketamine can be
rapidly delivered to central nervous system struc-
tures, but it has also been reported to achieve
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about 45% bioavailability in humans (for review see
Peltoniemi et al®). There is also evidence that both
the onset and the time course of ketamine-induced
analgesia correlated well with plasma concentrations
of ketamine and in active metabolite norketamine in
humans.®'® This aspect has not yet been evaluat-
ed in rodents, and so further studies are needed to
establish the contribution of peripheral and central
NMDA receptors to the analgesic effect of ketamine.
It is also noteworthy that one limitation of the present
study was that female rats were not used in spite of
growing clinical evidence indicating that some oro-
facial pain conditions are more prevalent in women
than in men.®®-7° There are several reasons that jus-
tify the preference for using male rats (for review see
Fillingim and Maixner’® and Dao and LeResche”),
and one of them is the necessity to determine the
estrous cycle when females are used in pain studies
since the nociceptive behavior and the regulation of
NMDA receptor expression of females may be influ-
enced, at least in part, by estrous cycles.”>"7

Conclusions

The present study has demonstrated that intranasal
ketamine produces analgesic effects in models of
inflammatory and neuropathic facial pain conditions
and may represent an adjuvant in the treatment of
such conditions, especially when rapid pain relief is
needed. This aspect may be of special importance
for providing pain relief in orofacial pain—related
emergencies, as well as in orofacial pain conditions
that involve pain attacks, such as trigeminal neuralgia.
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