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PERTOVAARA, A , P KEMPPAINEN AND T KAUPPILA The effects of medetonudine, an a-2-adrenoceptor agomist, and co-
caine on the tooth pulp-evoked jaw-opening reflex in cat PHARMACOL BIOCHEM BEHAV 38(2) 287-292, 1991 —In the pen-
tobarbitone-anesthetized cat, the threshold of the tooth pulp-elicited jaw-opeming reflex was elevated 1n a dose-dependent way (30—
100 pg/kg, IP) following the administration of medetomudine, an a-2-adrenoceptor agomst This elevation was significantly reduced
by atipamezole (1 mg/kg. IP), an a-2-adrenoceptor antagonist The inhibitory interaction between two successive dental sttmul ap-
plied to the same tooth (in-field inhibition) was suppressed by a lower dose of medetomidine (30 pg/kg) than the threshold eleva-
tion to single electrical pulses (55 pg/kg) Only the highest dose of medetomidine used (100 ng/kg) significantly influenced the
temporally facilitated (in-field facilitation) response In comparison, cocaine, a nonspecific monoaminergic agent, did not produce a
sigmificant threshold elevation of the tooth pulp-elicited jaw-opening reflex (1-25 mg/kg, IP) It 1s concluded that medetormudine,
through an action on «-2-adrenoceptors, can suppress a predomunantly nociceptive trigemnal reflex in anesthetized cats The
threshold evoked by single electric pulses, in-field inhibition, and in-field facihitation display differential sensitivities to medetomi-

dine effects
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SEVERAL groups have reported that systemic clomdine, an o-2-
adrenoceptor agonist, has antinociceptive properties in different
behavioral tests 1n animals [see (10)]. Medetomudine is a new
highly selective and potent a-2-adrenoceptor agonist (41). Sys-
temic dexmedetomidine, a stereoisomeric form of medetomidine,
has been shown to prolong behavioral response latencies to noci-
ceptive tail pinch 1n halothane-anesthetized rats (34) However,
in subanesthetic doses (up to 100 pg/kg, IP), medetomdine alone
was not effective in a nociceptive test involving mainly spinal
circuitry (tail flick test), but it was effective only in a nociceptive
test involving highly organized behavior (formalin test) and only
at doses producing sedation (30). These studies suggest that me-
detomidine alone at subanesthetic doses influences nociceptively
evoked behavior at supraspinal levels via mechanisms related to
sedation. However, when combined with other anesthetics, me-
detomidine may potentiate their antinociceptive effects even at
low doses.

In the current study we wished to examine 1n pentobarbitone-
anesthetized cats whether systemic medetomidine influences a di-
synaptic trigeminal reflex, the tooth pulp-evoked jaw-opening
reflex (38). This 1s generally considered to be a nociceptive re-
flex (20), although under some conditions a liminal reflex re-
sponse can be evoked at nonnoxious Intensities also (20,27). A
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conditioning dental stimulus of liminal intensity facilitates or in-
hibits the jaw-opening response to the succeeding dental stumulus
depending on whether the interstimulus interval is short (<20 ms)
or long, respectively (13). This interaction, in-field facilitation or
inhibition, can also be seen in the responses of the sensory
trngemnal nucleus neurons (28). These facilitatory and inhibitory
interactions provide a possibility to study drug effects on two
different types of synaptic mechanisms taking place at the spinal
cord level. In the current study we also determined the effect of
medetomidine on 1n-field facilitation and inhibition to examine
the contribution of a-2-adrenergic mechanisms to these synaptic
interactions  Atipamezole, a novel highly specific a-2-adrenergic
antagonust (19, 33, 42), was used to reverse the possible medeto-
mudine-induced effects. For comparison, we determuned the ef-
fect of a nonsedative, nonspecific monoaminergic agent, cocaine.
on the jaw-opening reflex Systemic cocaine has strong central
antinociceptive effects in several behavioral tests n rats (17, 29—
31), but 1ts effect on a nociceptive trigemunal reflex has not been
studied previously.

METHOD

The experiments were performed with adult cats (2 6-3.7 kg)
anesthetized with sodium pentobarbital (40 mg/kg IP). Due to the
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FIG. | Photographic examples of liminal tooth pulp-evoked reflex responses m the digastrnic (jaw-opening) muscle. (A) Response to a
single sumulus pulse The threshold was 5 pA (B) Response to a double pulse of short (4 ms) intersumulus interval The threshold
was lower (3 pA) than that to a single sumulus pulse mdicating a facilitatory interaction (C) Upper beam The threshold to the first
sumulus of a double pulse with a long (40 ms) ntersuumulus nterval was equal to that to a single sumulus pulse (5 wA) Lower beam
The threshold to the second stimulus of a double pulse with a long (40 ms) interstimulus nterval was higher (7 wA) than that to the
first sumulus indicating an inhibitory interaction The arrows indicate stimulus artifact The horizontal calibration bar represents 10 ms,

and the vertical one 50 pV

short duration (less than 2 h) of the experiments, no supplemen-
tary doses were needed. The cats breathed spontaneously, but n
cases of respiratory depression the end tidal CO, could be mea-
sured and the cat could be connected to a respirator When re-
quired, a heating lamp was used to maintain body temperature

EMG responses were recorded from the digastric muscle with
a concentric bipolar needle electrode. The EMG signal was am-
plified (band pass 10 Hz-1 kHz) and led to a storage oscilloscope
for immediate analysis and photography.

Monopolar cathodal stimulation of the tooth has been described
in detail elsewhere (39). The electrode was applied to the surface
of a carefully dried tooth. Constant current pulses (duration 2 ms)
were applied at 0 25 Hz and the stimulus 1ntensity was increased
slowly until the first EMG response appeared. Then the stimulus
intensity was decreased to zero and again slowly increased until
the first EMG response appeared. If the same stimulus intensity
elicited the first EMG response 1n at least two successive thresh-
old determinations, the stimulus intensity was considered to be
the threshold intensity. The electrode resistance was determined
between each measurement to ensure a proper contact between
the electrode and the tooth pulp.

The EMG threshold to single pulses (Fig 1A) was determined
before and every 5 min at least for 15 mun after the IP admunis-
tration of each dose of medetomidine or cocaine. In case of the
highest dose of cocaine, the threshold was determined every 5
min for 30 mun after the cocaine administration To examine the
effect of medetomidine or cocaine on the facilitatory interaction
between two successtve stimuli (13,28), the threshold to a dou-
ble pulse (each of 2 ms duration and of equal intensity) with an
interstimulus nterval of 4 ms (Fig. 1B) was determined before
and after each drug dose. To examine the effect of medetonidine
or cocaine on the inhibitory interaction between two successive
stimuli with an interval of 40 ms, the threshold for the first and
second stimulus of the double pulse (Fig 1C) was determined
before and after the administration of each drug dose as above.
The difference in the threshold for the first (equal threshold as
with single pulses) and second (mgher threshold) stimulus of a
pair was used as an index of in-field inhibiion One-way analy-

s1s of vanance (ANOVA) and Student’s t-test (two-tailed) were
used for the statistical evaluation of the data. p<<0.05 level was
considered to represent a significant difference in the results.

All the drugs were given I[P When testing dose-dependence,
the cumulative medetomidine (Farmos Group Ltd., Turku, Fin-
land) doses were 30, 55, and 100 pg/kg. Dose-dependence of
cocaine effects was tested using cumulative doses of 1, 10, and
25 mg/kg Atipamezole (Farmos Group Ltd.) was used to reverse
the medetomidine effect at a dose of 1 mg/kg.

RESULTS
Effect of Medetonudine

The average EMG threshold for single pulses of 2 ms duration
was 5.120.7 pA (n=8; =S.E M.) without medetomidine. The
EMG threshold to a double stimulus of a short interstimulus in-
terval (4 ms) was on the average 3.6+0.3 pA without medeto-
mudine indicating a significant in-field facilitatory effect (reference
threshold to single pulses, p<<O 05, r-test) The increase of the
iterstimulus nterval to 40 ms suppressed the latter EMG re-
sponse so that its threshold was significantly higher (8.6+1 2
1A) than the threshold to a single stimulus 1n the control condi-
tions (p<<0.05, r-test) indicating 1n-field mhibition.

Medetomidine produced a dose-dependent elevation of all stud-
1ed thresholds (p<<0.05, ANOVA; Fig. 2). The threshold eleva-
tion for single pulses was sigmficant at doses =55 pg/kg
(p<<0.05, t-test), whereas the threshold elevation for double pulses
of short interstimulus interval (4 ms) or longer interstimulus 1n-
terval (40 ms; the response threshold to the second stimulus of a
pair) was significantly elevated only at 100 pg/kg dose (com-
pared to the corresponding thresholds without medetomidine;
p<0.05, r-test) It 1s noteworthy that the index of in-field inhibi-
tion (the difference in the thresholds of the first and second pulse
of the pair with 40 ms nterstimulus interval) decreased with 1n-
creasing doses of medetomidine so that after the dose of 30 pg/
kg the index (difference) was not significant (p>0.05, t-test).
However, the index of in-field facilitation (the difference in the
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FIG 2 Medetomidine-induced dose-dependent elevation of the threshold
for the tooth pulp-elicited jaw-opening reflex, and its reversal by atipam-
ezole (A=1 mg/kg of atipamezole) Notice that different thresholds dis-
play differential sensitivity to medetomidine The empty bar the threshold
to a single stimulus pulse The striped bar the threshold to a double pulse
of short (4 ms) intersumulus nterval (in-field facilitated response) The
dotted bar the threshold to the second stimulus of a double pulse with a
long (40 ms) interstimulus interval The threshold to the first shtmulus of
a double pulse with a long intersttmulus interval 1s not shown since 1t
equals the threshold to single stimulus pulses (empty bar) Also notice
that the difference between the empty bar (threshold to single pulses) and
the dotted bar (threshold to the second stimulus of a pair, 40 ms interstum-
ulus nterval) 1s an index of n-field inhibition. The difference between the
empty bar and the dotted bar ( =1n-field inhibition) was significant only
in the first control condition (0 pg/kg) The error bars represent S E.M

(n=28, except at the dose of 30 and 55 pg/kg n=4) The black dots above
the error bars indicate a statistically significant difference from the corre-
sponding control (=0 pg/kg, r-test, p<<O 05) Threshold measurements
were made 15 min after the application of each drug dose

threshold for single pulses and double pulses of 4 ms nterstimu-
lus 1nterval) was still significant at the 55 pg/kg dose. Concern-
ing the comparison of thresholds obtained at the medetomidine
dose of 100 pg/kg, 1t should be noted that in some cases the
thresholds were higher than the highest stimulus intensity used 1n
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this study (50 pA) the threshold value 50 pA has been assigned
in cases the threshold was =50 pA. Thus due to the ceiling ef-
fect 1t 1s not possible to compare reliably the effect of 100 pg/kg
medetomidine on thresholds obtained using single pulses with
those obtained using double pulses. Due to the ceiling effect the
threshold elevations produced by 100 pg/kg of medetomidine may
be actually higher than shown 1n the Fig 2.

Atupamezole (1 mg/kg) produced a sigmficant reduction of all
medetormdine-induced threshold elevations (p<<0.05, #-test). How-
ever, the atipamezole dose used did not produce a total reversal
of all medetomidine-induced threshold elevations as revealed by
the hugher threshold for single pulses after atipamezole than in the
predrug control conditions (p<<0.05, t-test) Similarly, the index
of in-field inhibition did not reach statistical significance follow-
1ng atipamezole.

The time course of the medetomidine effect (single dose of
100 pg/kg) and 1ts reversal by atipamezole was separately stud-
ied 1n 4 cats The medetomidine effect was fully developed (in 2
cases no responses obtained at the maximal stimulus current of 50
iA) within 15 mun, and the reversal of all three thresholds was
significant within 15 min of the application of atipamezole (1
mg/kg, Fig. 3). In three separate cats atipamezole was not admin-
istered following the application of medetomidine. In these cats
the thresholds remained high (>50 pA) for at least 30 min. This
finding indicates that 1t was atipamezole and not the disappear-
ance of the medetomidine effect per se that caused the reversal of
thresholds shown n Fig 3.

Effect of Cocaine

The effect of cocaine was studied 1n 5 cats. The thresholds for
single pulses and the threshold for the second pulse of the pair
with a double pulse of 40 ms duration were shightly higher after
cocaine, but none of these changes was significant even after the
highest dose of cocaine (25 mg/kg; Fig 4).

DISCUSSION

Systemic medetomidine, an «-2-adrenoceptor agomist (41),
produced a dose-dependent elevation of the threshold for the tooth
pulp-elicited jaw-openming reflex 1n the pentobarbitone-anesthe-
tized cat, and this elevation could be significantly reduced by ati-

atipamezole
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FIG 3 The ume course of the effect of medetomidine (100 pg/kg) on thresholds for
the tooth pulp-elicited jaw-opening reflex, and the time course of their reversal by ati-
pamezole (1 mg/kg) n=4 See the legend for Fig 2 for further explanations
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FIG. 4 Lack of sigmficant cocamne-induced threshold elevations for the
tooth pulp-elicited jaw-opening reflex n=35 For further explanations see
the legend for Fig 2

pamezole, an a-2-adrenoceptor antagonist (33). This finding 1s 1n
agreement with previous studies showing that systemic clonidine,
a less selective a-2-adrenoceptor agonist, produces threshold ele-
vations for tooth pulp-elicited jaw-opening responses 1n rodents
(5,6) and dogs (12,36) as well as antinociceptive effects in var-
ous other tests (10, 12, 36). Also consistent with the present re-
sults 1s the finding that dexmedetomidine, a stereoisomeric form
of medetomidine, potentiates the antinociceptive effect of halothane
1n a mechanically evoked nociceptive test 1n rats (34). However,
in otherwise drug-free rats, the currently used medetormidine doses
proved sedative but insufficient to produce a significant antinoci-
ceptive effect in a spinally organized nociceptive test (tail flick
test); only a highly organized test of nociception (formalin test)
was influenced (30). The currently used medetomidine doses are
sedative but subanesthetic in cats (37) These findings suggest
that under general anesthesia the activation of a-2-adrenoceptors.
at least by medetomidine, at low (in uself sedative but subanes-
thetic) doses can significantly suppress spinally orgamized nocicep-
tive reflexes but in awake amimals higher (anesthetic) doses are
needed to suppress spinally organized nociceptive reflexes (e.g .
tail flick) In otherwise drug-free human subjects, experimental
pain (cutaneous heat pain threshold, dental pain threshold, pain-
intensity estimate of experimental 1schemic pain) was not attenu-
ated by sedative and hypotensive doses of systemic medetomidine
with the exception of the affective-motivational component of ex-
perimental 1schemic pain [ = unpleasantness, (16)]. This finding
in humans is consistent with the hypothesis that systemic medeto-
mudine alone at subanesthetic doses predominantly suppresses no-
ciception at supraspinal levels. Concerning the role of o-2-
adrenoceptors 1n the effects produced by medetomidine, 1t should
be recognized that medetomidine 1s an 1mudazole like clonidine
It has been shown that imidazole receptors may be involved
some of the effects produced by clonidine (9). Thus a possibility
remains that imdazole receptors are mediating some of the ef-
fects produced by medetomidine

In the current study we also tried to determine whether the re-
sponse components 1nvolving synaptic inhibitory or facihtatory
mechamsms have different sensitivities to medetomidine effects.
Disappearance of the in-field inhibition was the most sensitive
parameter of medetomidine effects in the current study Presyn-
aptic mechanisms in the sensory part of the trigeminal nuclear
complex might be involved in this in-field inhibition as shown by
previous investigations (8), although we cannot exclude a contri-
bution of postsynaptic mechamsms. The next sensitive parameter
was the threshold for single electric pulses. The least sensitive
parameter of medetomidine effects was the threshold to a double
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pulse of short (4 ms) interstimulus 1nterval; this threshold 1s based
on temporally summated and facilitated synaptic transmission
which phenomenon can be seen at the level of the sensory trigem-
inal nuclear complex (28). Thus inhibitory synaptic mechanisms
seem to be more sensitive to medetomidine effects than facilita-
tory synaptic mechanisms

In the current study, systemic cocaine did not produce a sig-
nificant elevation of the tooth pulp-evoked jaw-opening reflex
even at the highest dose used (25 mg/kg) which dose has proved
to produce strong antinociceptive effects in different behavioral
tests 1n rats (17, 29-31). The present finding 1s consistent with
previous electrophysiological studies in rat which showed that
electrically evoked nociceptive responses in spinal flexomotoneu-
rons (26) and sensory projection neurons (32) are suppressed very
little by an analgesic dose of cocaine (25 mg/kg). At supraspinal
levels, the effect of cocamne on nociceptive neuronal responses
has been strong, indicating that supraspinal mechanisms may have
the major role in cocaine analgesia (1, 2, 31). There is some ev-
idence that spinally organized nociceptive reflex activity evoked
by natural stumuli (which produces a less synchromzed afferent
volley than electric stimuli) may be sigmficantly suppressed due
to cocamne-activated descending medullo-spinal nhibitory path-
ways (3); thus a possibility remains that a stronger effect of co-
camne had been seen with natural noxious stimuli which should
evoke a less synchronous afferent volley than the currently used
electric pulses. Cocaine is known to produce a reuptake 1nhibition
of various monoamines (14). The reuptake inhibition of norepi-
nephrine should produce a consequent activation of «-2-adreno-
ceptors. However, cocaine did not produce a significant suppressive
effect on the jaw-opening reflex as did medetomidine, an a-2-
adrenoceptor agonist. This difference in the effects of medetomi-
dine and cocaine 1s difficult to explain. It may be that the activation
of a-2-adrenoceptors following cocaine 1s not as strong as that
caused by medetomidine. Moreover, a previous study has shown
that cocamne-induced antinociceptive effect in rat 1s not attenuated
by a specific a-2-adrenoceptor antagomist (30), whereas in an-
other study specific dopamine-receptor antagonists effectively at-
tenuated cocaine-induced antinociception indicating a major role
for dopaminergic mechamisms in cocaine-induced analgesia (17).

Electrophysiological studies of primary afferent fibers indicate
that the sensory innervation of the tooth pulp consists of slowly
conducting A 8- and C-fibers, although some fast conducting,
posstbly mechanoreceptive, fibers have been encountered (4, 7.
22, 39). The tooth pulp-evoked jaw-opening reflex 1s generally
considered to be a predominantly nociceptive reflex, although a
Liminal reflex response can be elicited at nonnoxious stimulus n-
tensities (20, 22, 27). Similarly, a nonnoxtous ‘‘prepain’’ sensa-
tion has been reported 1n response to low-intensity stimulation of
the tooth pulp 1in human studies although at higher stimulus inten-
sities only a pain sensation is reported (18, 35, 40). In the cur-
rent study the reflex thresholds with medetomidine were higher
than the thresholds of nociceptive intradental fibers (39) which
indicates that in the current study not only the possibly nonnoci-
ceptive component of the reflex but also the nociceptive compo-
nent of the reflex was suppressed by medetomidine. Since the
jaw-opening reflex 1s a disynaptic trigeminal reflex (38). medeto-
mudine did have a suppressive effect at the trigeminal nuclear
level either directly or indirectly through the activation of de-
scending inhibitory pathways. However, since the effects of stud-
1ed drugs need not be selective on sensory (nociceptive) neurons
to produce a suppression of nociceptive reflexes (25), further
neurophysiological studies are needed before it 15 possible to con-
clude whether the a-2-adrenoceptor-induced suppression of the
jaw-opening reflex evoked by noxious stimuli 1s due to effects at
sensory, interneuronal, motoneuronal or at all of these levels. In-
terestingly, 1n a recent electrophysiological study 1t was shown
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that systemuc clonidine can inhibit nociceptive neuronal responses
in the presumed sensory-relay neurons of the spinal dorsal horn
in the rat (23). Furthermore, local intrathecal or iontophoretic
applications of «-2-adrenergic agents to the spinal cord have
proved to produce antinociceptive effects in several previous
studies (11, 24, 43). Also intrathecal application of dexmedeto-
mudine has had antinociceptive effects in two recent mvestiga-
tions (15,21). Thus 1t 1s possible that 1n the current study systemic
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medetomidine produced antinociceptive effects through the same
mechanisms which are activated by spinal applications of o-2-
adrenergic agonists
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