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Abstract

The role of dopaminergic descending supraspinal processes in mediating the antinociceptive action of cocaine was studied in
the rat using a combination of extracellular neuronal recording and behavioral techniques. Neurons in the superficial laminae
(I-II) of the spinal dorsal horn with receptive fields on the tail were recorded in anesthetized rats using insulated metal
microelectrodes. Stimulation of the receptive field with either high intensity transcutaneous electrical pulses or with an infrared
CO, laser beam produced a biphasic increase in dorsal horn unit discharge. Conduction velocity estimates indicated that the
early discharge corresponded to activity in A3 whereas the late response corresponded to activity in C afferent fibers.
Cumulative doses of cocaine (0.1-3.1 mg/kg i.v.) inhibited the late response to either electrical or laser stimulation in a
dose-related méanner. The early response to laser, but not electrical, stimulation was also suppressed by cocaine. Neurons in the
spinal dorsal horn with receptive fields on the ipsilateral hindpaw were activated by natural noxious (pinch) or innocuous (tap)
somatic stimulation. Cocaine selectively suppressed nociceptively evoked dorsal horn unit discharge. This antinociceptive effect
was dose-related (0.3-3.1 mg/kg, i.v.) and antagonized by eticlopride (0.05-0.1 mg/kg, i.v.), a selective D2 dopamine receptor
blocker. The same doses of cocaine failed to inhibit the responses of dorsal horn neurons to low threshold innocuous stimulation.
Complete thoracic spinal cord transection eliminated the antinociceptive effect of cocaine on dorsal horn neurons and also
eliminated the cocaine-induced attenuation of the tail-flick reflex. These data demonstrate that cocaine selectively inhibits
nociceptive spinal reflexes and the nociceptive responses of dorsal horn neurons primarily by means of a D2 dopaminergic
receptor mechanism. This antinociceptive effect of cocaine is independent of its local anesthetic activity and requires the
integrity of the thoracic spinal cord, suggesting that the drug potentiates or activates supraspinal dopaminergic projections to the
dorsal horn.
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1. Introduction sponse to high intensity electrical stimulation of units
in the medial thalamus [1,25] and brainstem [2]. How-

Previous studies have demonstrated that cocaine ever, the precise neuronal mechanisms involved in the

produces an antinociceptive effect in animals [15,21,22]
and humans [27]. This action of cocaine is independent
of its hypertensive [15] or local anesthetic activities [20]
and is mediated at least in part by dopaminergic mech-
anisms [15]. Systemic injections of cocaine at doses that
produce a behavioral antinociception inhibit the re-
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antinociceptive action of cocaine remain unclear.

It is possible that cocaine reduces nociceptive input
at the level of the spinal cord. This effect could result
from a direct inhibition of dorsal horn neurons that
receive input from peripheral nociceptors. Alterna-
tively, antinociception could be mediated indirectly via
activation or potentiation of descending inhibitory
supraspinal processes. Many of the pharmacological
effects of cocaine are attributed to inhibition of synap-
tic neurotransmitter reuptake at monoaminergic nerve
endings [10,11], which results in potentiation or en-
hancement of monoaminergic neurotransmission. Cate-
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cholaminergic [12-14,16,24] and serotonergic [7,17,19]
cell groups in the brainstem with projections to the
dorsal horn are known to have important regulatory
influences on spinal transmission of nociceptive input.
Cocaine could produce an antinociceptive effect by
enhancement of monoaminergic neurotransmission in
one or more of these descending monoaminergic sys-
tems.

The present experiments were designed to assess
spinal antinociceptive activity of cocaine. Because it is
a potent local anesthetic, it is not possible to evaluate
the effect of intrathecally injected cocaine in behav-
ioral tests such as the hot plate, formalin or tail flick
tests. In addition, spontaneous tail twitching results
from the psychomotor stimulant effects of cocaine, and
this interferes with tail flick testing in fully conscious
rats. Therefore, the antinociceptive activity of systemi-
cally administered cocaine was studied using the tail
flick assay in lightly anesthetized rats. Electrophysio-
logical recording techniques were also used to deter-
mine the effects of cocaine on nociceptive and non-
nociceptive neuronal responses of dorsal horn neurons.
To examine the role of a descending supraspinal mech-
anism in mediating cocaine antinociception, these
pathways were interupted in both the tail flick and unit
recording experiments. The results indicate that co-
caine, acting by dopaminergic mechanisms, selectively
attenuates the nociceptive responses of dorsal horn
neurons and the spinally mediated tail flick reflex.
Descending supraspinal pathways are required for the
full expression of this antinocicptive action.

2. Materials and methods
2.1. Surgical preparation for unit recording

Male Sprague-Dawley rats (300-500 g) were anesthetized with
either chloral hydrate (400 mg/kg i.p.) or pentobarbital (Nembutal,
55 mg /kg i.p.). Catheters were implanted in the trachea for mechan-
ical ventilation and in the jugular or tail veins for drug injections. A
laminectomy was performed at vertebral segments Thi2-L1 for
experiments in which the receptive field was on the hindpaw or
L2-13 for experiments with receptive field on the tail. Succinyl-
choline (1 mg/kg) was administered to produce muscular paralysis;
supplemental doses were administered approximately every 1-2 h as
determined by the reappearance of flexion reflexes. At these times,
supplemental doses of anesthetic were administered. Rectal temper-
ature was monitored and maintained between 37° and 38°C using a
thermostatically controlled heating pad. End tidal CO, was main-
tained at 3-4% by adjusting the end tidal volume and rate of the
respiratory pump.

2.2. Experimental procedures

Units in the dorsal horn with receptive fields (RFs) on the tail or
ipsilateral hindpaw were isolated and recorded using stainless steel
or tungsten microelectrodes (impedance = 5-20 M2 at 100 Hz).
Potentials from the dorsal horn units were amplified differentially to

the indifferent electrode, positioned in an adjacent spinous process.
and displayed on the oscilloscope. The extraceliularly recorded. ac-
tion potentials of single units were converted by an amplitude
window discriminator to standard logic pulses and fed to a minicom-
puter system (Data General, Southboro, MA) for on-line data pro-
cessing or off-line data analysis.

In some studies, units at spinal segements 1.2-i.3 (vertebral
segements Th12-L1) with RFs on the hindpaw were activated using
natural stimuli. These units were initially located by their response to
non-specific search stimuli (light tapping of the hindpaw). Then, the
responses of the units to nociceptive stimuli were tested by pinching
the receptive field on the hindpaw with a toothed forceps fitted with
an adjustable stop, which controlled the minimum separation of the
jaws. Stimuli of reproducible intensity were produced by squeezing a
fixed thickness of tissue between the jaws of the forceps until the
stop was reached. Similar stimuli applied to the waking rat produce
consistent escape responses and frequent attempts to attack the
stimulus site. Units that responded exclusively to innocuous somatic
stimulation were studied by lightly tapping the receptive field with a
blunt instrument. These units were also driven by electrical stimula-
tion, using a pair of stainless steel needle electrodes inserted under
the skin of the receptive field. Rectangular constant current pulses
(1-10 mA, 0.2-1.0 ms) were delivered using an electrical stimulator
(Grass, Model S88).

Units at spinal segments S3-Col (vertebral segements L2-L3)
with RFs on the tail were located by their response to non-specitic
search stimuli (light tapping on the tail). These units were activated
by noxious stimulation with an infrared CO, laser (Directed Energy,
Irvine, CA) at pulse intensities that produced a brisk tail flick
response in awake animals (10 W, 45 ms). These units were also
tested for responses to electrical stimulation using transcutaneous
needle electrodes in the RF (10-15 mA, 1 msec).

Spontaneous activity and unit responses to stimulation of the RF
were sampled several times during the control period before drug
treatments. Drugs were administered as bolus injections in a volume
of approximately 0.5 ml per injection through the venous catheter. In
some studies, the time course of cocaine effects was monitored by
testing the evoked unit responses to stimulation of the RF at 1, 5, 10,
15 and 20 min after administration of cocaine (1-2.5 mg/kg). Only
one dose of cocaine was used in these experiments. In other experi-
ments, cumulative dose—response curves for cocaine were obtained
by administration of incremental doses of the drug at intervals of 3
min. The evoked unit response was determined at 2 min after each
dose. Eticlopride, a D2 dopamine receptor antagonist, was injected
(0.05-0.1 mg/kg i.v.) after the final dose of cocaine in some of the
experiments.

2.3. Data analysis

The conduction velocity of afferent fibers activated by high inten-
sity electrical stimulation was estimated from the latency to onset of
evoked unit discharge and measurements of the distance from the
receptive field on the tail to the recording site in the spinal cord:

Peristimulus time histograms were generated and averaged for
5-12 stimuli delivered over a period of 1-2 min before (control) and
at predetermined time points after drug injections. In some studies,
the unit response to natural noxious or innocuous stimulation was
obtained from the histograms as post stimulus firing rate, In other
experiments, the areas under the histogram for the early ( < 30 msec)
and late (> 100 ms) responses to electrical and laser stimulation
were obtained using a computerized video digitizing system (Imaging
Research Inc., St. Catharine’s, Ontario). The unit response to stimu-
lation of the receptive field after cocaine is expressed as percent of
the pretreatment control unit response.

Treatments that produced a significant change from control (P <
0.05) were determined using the paired ¢-test, Differences between
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treatment groups were determined using unpaired ¢-tests or analysis
of variance. Dose-response data were analyzed by regression analy-
sis.

2.4. Histology

At the end of each experiment, DC current (50 wA, 30 s) was
passed through the microelectrode. The animals were then perfused
with 10% buffered formalin, and the spinal cords were removed for
stioning on a cryostat. Tissues were stained with Cresyl violet and
examined for lesions at the recording site in the dorsal horn.

2.5. Tail flick experiments

These studies used an adaptation of the tail flick test of D’Amour
and Smith [5]. Rats were lightly anesthetized with chloral hydrate
(275 mg/kg i.p.) and were allowed to recover until they exhibited
flexion reflexes and had tail-flick latencies of between 4 and 4.5 s.
Baseline tail-flick latency (B) was then determined with 5 consecutive
readings, each 2 min apart using an automated tail-flick algeometer
(IITC, Inc., Woodland Hills, CA). Cocaine (25 mg/kg, i.p.) or saline
was administered and tail flick latencies (L) were recorded at 10 min
intervals. In some cases, naloxone (1 mg/kg, i.p.; n=4) or saline
(n = 8) was injected 10 min after cocaine. To prevent tissue damage,
the instrument was set to terminate testing automatically whenever
the tail flick latency reached 8 s (maximum latency). Tail flick
latencies were converted to % Analgesia according to the following
formula:

((L-B)/(8—B))x100%.

The effect of cocaine on tail flick latency was also tested in a
group of rats with complete transection of the spinal cord. Rats
(n = 8) were deeply anesthetized with a combination of ketamine (85
mg/kg i.m.) and xylazine (12 mg/kg i.m.) and the spinal cord was
transected between thoracic levels 5 and 8. These animals were
allowed to recover for 24 h before testing. Because cocaine did not
produce hypermotility below the level of the lesion, tail flick testing
was conducted without the use of chloral hydrate anesthesia prior to
cocaine, Saline was injected 10-20 min before cocaine to control for
any effects of the injection procedure alone. Animals were sacrificed
immediately after testing and spinal cord lesions were inspected to
verify complete transection.

3. Results
3.1. Location of recorded units

In 22 cases in which microelectrode lesions were
found, 19 were within the substantia gelatinosa and 3
were at the lateral neck of the dorsal horn. In several
experiments in which high impedance tungsten micro-
electrodes were used, no mark was produced at the
recording site. On the basis of micrometer readings
from the electrode holders, it was estimated that the
units recorded in these experiments were within the
superficial laminae of the dorsal horn.

3.2. Synchronous activation of dorsal horn units by high
intensity electrical and infrared laser stimulation

Units in the dorsal horn at the level of T3-T4 with
receptive fields on the tail were activated initially by
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Fig. 1. Effect of cocaine on one dorsal horn unit activated by
electrical (10 mA, 1 ms pulses) and CO, laser (10 W, 45 ms pulses)
stimulation, Multi-trial peristimulus time histograms (bin width =5
ms) were generated and averaged from 8-12 stimuli delivered to the
receptive field on the tail before (A and B) and 5 min after intra-
venous injection of a total cumulative dose of 3.1 mg/kg cocaine (C
and D). Insets in each histogram show, on an expanded time scale,
the early (short latency) response to stimulation (bin width =1 ms).
Cocaine suppressed the early and late responses to laser stimulation
and the late responses to electrical stimulation.

transcutaneous electrical stimulation (10 mA, 1 ms
duration pulses), which produced a biphasic increase in
unit discharge. An example of this response for one
unit is shown in the peristimulus time histogram of Fig.
1A. Similar results were obtained from a total of 7
units with receptive fields on the tail. The latency to
the early discharge (inset) corresponded to afferent
fiber conduction velocities of approximately 18.2 + 1.5
m/s, which is in the range for A$ afferent fibers. If it
is assumed that the late response may be due to direct
excitation from afferent fibers, then the average con-
duction velocity (0.8 + 0.08 m /s) suggests that the units
in these studies also received C fiber input. There was
no evidence for a shorter latency unit response to
either stimulus, as would be expected if large diameter
afferents were stimulated.

Pulses from an infrared CO, laser (16 W, 45 ms)
directed at the receptive fields of the same 7 units
produced a similar biphasic increase in the unit firing
rate, with the exception of one unit that responded to
laser stimulation with only a long latency response. Fig.
1B shows the laser-evoked response of the same unit
shown in Fig. 1A. The latency to both early and late
components of the evoked response appears longer
after laser stimulation compared to electrical stimula-
tion, probably reflecting the additional time required
for activation of tissue nociceptors by the laser com-
pared to the electrical stimulus.

Cumulative doses of cocaine, from 0.1 to 3.1 mg/kg
i.v., suppressed selectively the late response of dorsal
horn units evoked by electrical stimulation of the tail
receptive field. An example of this is shown in Fig. 1C,
in which there is no change in the early electrically-
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evoked unit response (see inset) after a dose of cocaine
that attenuated the late response. The mean effect of
cumulative doses of cocaine on both early and late unit
responses to electrical stimulation (n = 7) is shown in
Fig. 2. Although there was no significant change in the
early evoked response with increasing doses of the
drug (r =0.044, + =0.25, df =34, P =0.804), the late
response was reduced by up to 50% after the highest
dose of cocaine. Regression analysis of the dose-re-
sponse data revealed a significant inverse relationship
between dose and the late unit response to stimulation
(r=0.585, t =4.14, df = 34, P <0.001).

To avoid tissue damage that could result from fre-
quent testing with the laser stimulus, the effect of
cocaine on laser-evoked activity was determined for
these units only after the last cumulative dose of the
drug (3.1 mg/kg) rather than after each dose. Under
these conditions, cocaine inhibited the late evoked
response of all 7 units studied (paired f-test for late
response before and after cocaine: ¢t = 3.553, df =6,
P = 0.012). Five of these laser-responsive cells also had
a short latency response that was attenuated by the
final dose of cocaine (paired t-test for early response
before and after cocaine: t = 4.261, df = 4, P =0.013).
An example of the inhibitory effect of cocaine on early
(inset) and late laser-evoked unit responses is shown
for one of these units in Fig. 1D. The average unit
response to laser stimulation for these 5 units before
and after cocaine is shown in Fig. 3. Cocaine (3.1
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Fig. 2. Effect of cumulative doses of cocaine on dorsal horn unit
response to electrical stimulation. Units (n = 7) in the dorsal horn
with receptive fields on the tail were driven by transcutaneous
electrical stimulation (10 mA, 1 ms pulses). The unit response was
obtained from peristimulus time histograms, which were averaged
from 10-12 stimuli delivered before cocaine (control) and at 2 min
after each dose, injected at 3 min intervals. Unit responses after each
dose of cocaine are expressed as mean (4 S.E.M.) percent of the
control unit response to stimulation. Early responses (v ) represent
the firing rate of the unit during the initial 20 ms after the stimulus,
and late responses (®) represent the unit firing rate during the later
phase of unit activity. * Indicates a significant linear relationship
between log dose of cocaine and unit response to electrical stimula-
tion (P < 0.001, regression analysis).
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Fig. 3. Comparison of the eftect of cocaine on early (initial 30 ms)
and late ( > 100 ms) responses to electrical versus laser stimulation of
the tail. The unit responses to electrical and laser stimulation were
determined before (control) and after a cumulative dose of 3.1
mg/kg cocaine. Responses after cocaine are expressed as the mean
(+S.E.M.) percent of the control unit response to each type of
stimulus. (*) Indicates a significant change in the unit response to
stimulation after cocaine compared to the control unit response
(P < 0.05, paired f-test). Seven units in the dorsal horn showed late
responses to both electrical (10 mA, 1 ms pulse) and CO, laser (10
W, 45 ms) stimulation; these were attenuated after the final dose of
cocaine. The early response was unaffected by cocaine when elicited
by electrical stimulation (7 units), but was attenuated in 5 units that
showed an early response to laser stimulation.

mg/kg iv.) produced a significant decrease in both
early and late components of the laser evoked response
in these 5 units.

3.3. Effect of cocaine on dorsal horn unit responses to
natural somatic stimulation

A total of 22 dorsal horn units with receptive fields
on the ipsilateral hindpaw were activated by natural
noxious or innocuous stimulation. Six units were acti-
vated exclusively by low threshold mechanical stimula-
tion (tap) and adapted rapidly to stimulation in the
receptive field. The remaining 16 units were wide dy-
namic range (WDR) neurons that responded preferen-
tially to noxious mechanical stimulation (pinch).

The effect of natural stimulation on the discharge
rate of one WDR and one low threshold unit before
and after administration of cocaine is shown in Fig. 4.
During the control period before cocaine was adminis-
tered, the firing rates of the WDR and low threshold
units increased with stimulation of the receptive ficlds
by pinching and tapping, respectively. Cocaine (1
mg/kg i.v.) attenuated the response to noxious stimu-
lation (Fig. 4, upper panels) but was without effect on
the response to innocuous stimulation (Fig. 4, lower
panels). The mean effect of cocaine on 6 WDR and 6
low threshold units is shown in Fig. 5. Cocaine sup-
pressed the WDR unit response to pinch at 5 min after
injection, and this inhibitory effect subsided by 10 min
after injection. There was no effect of cocaine on the
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Fig. 4. Effect of cocaine on dorsal horn unit responses to noxious
pinch (upper panels) and innocuous tap (lower panels) stimulation.
Peristimulus time histograms (bin width =20 ms) were generated
and averaged from 5-6 stimuli delivered to the receptive field on the
ipsilateral hindpaw before (left panels) and 5 min after injection of 1
mg /kg cocaine (right panels).

response of low threshold units during the 20 min
observation period.

To determine if the inhibitory effect of cocaine on
nociceptive responses of dorsal horn units required the
integrity of descending supraspinal pathways, the spinal
cord was transected at the level of T2-T3 in 5 rats.
WDR units with receptive fields on the ipsilateral
hindpaw were identified at the level of T13-L1 at least
1 h after transection. Cocaine (1 mg/kg i.v.) had no

150 | @ Pinch A Tap
O Pinch
T2-T3 Transection
& 125t
C
8 o A
2 £ 100
0)
© §
h=a
jes
) 75
50
1 . . . A
0 5 10 15 20
Minutes after Cocaine
(1 mg/kq)

Fig. 5. Effect of single doses of cocaine (1 mg/kg i.v.) on dorsal horn
unit responses to natural stimulation in intact rats (filled symbols;
n = 6) and on rats with spinal transtions at T2-T3 1-2 h before unit
recording (open symbols; n = 5). One unit was studied in each rat. In
intact rats, units with receptive fields on the ipsilateral hindlimb
were activated by noxious pinch or innocuous tap stimulation. In
transected rats, units responded only to noxious pinch with toothed
forceps. Control responses to each stimulus were determined before
the injection of cocaine from the average peristimulus time his-
tograms generated from 5-6 trials. The same stimuli were delivered
at intervals after injection of cocaine, and the mean (+ S.E.M.) unit
responses are shown at these intervals as percent of the control unit
response. * Indicates a significant change in the unit response to
stimulation after cocaine compared to the control unit response
(P < 0.05, paired t-test).
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Fig. 6. Effect of cumulative doses of cocaine on dorsal horn unit
responses to natural noxious stimulation (pinch) and reversal with
eticlopride. Units (n =7) in the dorsal horn with receptive fields on
the ipsilateral hindlimb were stimulated by pinching with toothed
forceps. The unit response was obtained from peristimulus time
histograms, averaged from 5-6 stimuli before cocaine (control) and
at 2 min after each dose of cocaine. Doses were injected at 3—4 min
intervals. Unit responses after each dose of cocaine are shown in the
filled bars as the mean (+ S.E.M.) percent of control. Following the
fifth cocaine injection, two doses of eticlopride (50 and 100 ug/kg)
were injected at 5 min intervals. The unit response to pinch was
determined at 5 min after each dose of eticlopride (hatched bars).
* Indicates a significant difference from the response after the
highest dose of cocaine (paired t-test, P < 0.05).

inhibitory effect on the noxious pinch evoked responses
of dorsal horn units in rats with spinal transection (Fig.
3).

Cocaine produced a dose-related inhibition of the
unit response to noxious pinch in 7 dorsal horn units
(Fig. 6). Cumulative doses of cocaine (0.1 to 3.1 mg/kg
iv.) produced a progressive decrease in the unit re-
sponse to pinch, with a maximum reduction to about
50% of the control evoked response after a total dose
of 3.1 mg/kg (r =0.359, t =2.07, df =30, P =0.047).
Eticlopride (50-100 ug/kg iv.), a selective D2
dopamine receptor antagonist, administered after the
final dose of cocaine, reversed this inhibitory effect
within 5 min (paired t-test for cocaine (3.1 mg/kg) vs.
eticlopride (100 pg/kg): t=3.13, df =5, P=0.026).
This rapid return of responsiveness was not seen at any
of the other 5 min intervals between cumulative doses
of cocaine, nor was it observed during the 20 min of
observation of 3 units following the injection of 2.5
mg /kg cocaine.

3.4. Effect of cocaine on tail flick latency

The effect of cocaine on tail flick latency was deter-
mined in 2 groups of rats. One group (n = 26) was
intact and lightly anesthetized with chloral hydrate to
counteract the excessive movements and motor excita-
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tion produced in these restrained animals by cocaine.
Tail flick latency was monitored at 10 min intervals
after the injection of chloral hydrate (275 mg/kg i.p.)
until a robust tail flick reflex with a latency of 4-4.5 s
was obtained. At this time, the rats received an injec-
tion of saline (n = 13) or cocaine (n = 13; 25 mg/kg
i.p.). This dose and route of administration of cocaine
was chosen based on the results of our previous behav-
ioral studies [15]. In these intact rats, tail flick latency
increased 10 min after the injection of cocaine. This
effect was significant, compared to the response imme-
diately before the injection, for up to 60 min (Fig. 7).
Naloxone (1 mg/kg i.p., n = 4), administered 10 min
after cocaine, had no effect on the response to cocaine
(data not shown).

To determine if the antinociceptive effect of cocaine
required an intact spinal cord, a group of rats (n = 8)
underwent a complete thoracic spinal transection (T5-
T8) 24-48 h before tail-flick testing. Because of the
paralysis of voluntary movements below the transec-
tion, the effect of cocaine on the tail-flick reflex of
these rats could be determined without the restraining
effects of chloral hydrate. Cocaine (25 mg/kg, i.p.) was
without effect on tail flick latency in these unanes-
thetized, spinally transected animals (Fig. 7).
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Fig. 7. Effect of cocaine on average (SEM)% analgesia, determined
by tail flick latency, in intact and spinally-transected rats. Rats with
intact spinal cords (n = 26; filled symbols) were anesthetized with
chloral hydrate (275 mg/kg i.p.) and allowed to recover for 70-80
min while the tail flick latency was monitored at 10 min intervals.
When the reflex latency reached the previously determined normal
control level (4-4.5 s), rats received an injection (¢t =0) of either
saline (filled triangles; n = 13) or cocaine (filled circles; n=13; 25
mg/kg i.p.) and tail flick latencies were measured for an additional
90 min. A third group of unanesthetized rats (n = 8; open circles)
received a complete spinal transection 24-48 h before tail flick
testing. Cocaine, but not saline, produced a significant increase in
tail flick latency in the intact rats compared to the response immedi-
ately before injection (*; paired #-test, P < 0.05). The same dose of
cocaine had no effect on the tail flick latency of the transected rats
(f; unpaired r-test between the intact and spinalized groups treated
with cocaine; P < 0.05).

4. Discussion

The results of these studies provide corroborative
behavioral and neurophysiological evidence that co-
caine: (1) has a significant antinociceptive effect on
spinal nociceptive mechanisms in the rat, and that (2)
this effect requires the integrity of supraspinal mecha-
nisms.

Our neurophysiological studies show that cocaine
suppresses selectively dorsal horn unit responses to
nociceptive stimulation. The responses of dorsal horn
WDR units to natural noxious stimulation (pinch),
were attenuated in a dose-related manner by cocaine.
This effect of cocaine occurred with a short onset and
duration of action. In contrast, the same doses of
cocaine were without effect on the responses of low
threshold units to innocuous stimulation (tapping). It is
unlikely that the inhibitory effect of cocaine on noci-
ceptive unit responses resulted from an effect on so-
matosensory afferents, because Pertovaara et al. [20]
reported no local anesthetic effect of systemically-ad-
ministered cocaine (25 mg /kg) on an electrically evoked
C-fiber reflex or on antidromic activation of C-fibers.
This suggests that cocaine acts selectively on nocicep-
tive spinal projection neurons or interneurons in the
dorsal horn.

Impulses generated by noxious somatosensory stim-
ulation are transmitted to the dorsal horn by small
diameter myelinated (A 8) and unmyelinated (C) affer-
ent fibers [4]. Synchronous activation of somatosensory
nociceptors by high intensity electrical stimulation pro-
duced a biphasic discharge of dorsal horn units, at-
tributable to Ad and C afferent input. In these experi-
ments, cocaine suppressed the long latency unit dis-
charge with little effect on the short latency evoked
response in each of the 7 units studied, suggesting that
cocaine selectively supresses the responses to C-fiber
input. Using a similar experimental approach, Perto-
vaara and Tukeva [23] reported that cocaine inhibited
both early and late responses of dorsal horn units to
high intensity electrical stimulation, but that this effect
was observed in about half of the neurons studied.
Differences in results between these studies could be
due to differences in sampling or to differences in
experimental methods employed, including dosage and
route of administration of cocaine, time course of drug
effects, and stimulation parameters. Nevertheless, it is
apparent from both studies that cocaine has an in-
hibitory effect on dorsal horn responses to input from
C afferent fibers.

High intensity electrical stimulation is a relatively
non-selective stimulus that activates a variety of affer-
ent fibers in the receptive field, including low threshold
as well as nociceptive afferents. Devor et al. [6] re-
ported that radiant pulses from a CQO, laser produce
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synchronous activation of thermal afferent fibers (A
and C) without activation of low threshold mechanore-
ceptors. They found that units in the dorsal horn that
responded to laser stimulation were located in laminae
I, II, V and VI. In our study, units in the superficial
laminae of the dorsal horn were found to be driven by
high intensity CO, laser pulses. Laser stimulation of
receptive fields on the rat tail produced a biphasic
burst of unit discharge, corresponding to activitation of
Ad and C afferents. Both early and late unit responses
to laser stimulation were inhibited by cocaine, whereas
only the late responses of the same units to high
intensity electrical stimulation were suppressed by the
drug. This apparent discrepancy could reflect differ-
ences in the natural response properties of nociceptors
activated by laser versus electrical stimulation or differ-
ences in the central temporal summation produced by
these different forms of stimulation. Latencies of laser
evoked unit discharge were consistently longer for both
the early and late responses, reflecting the additional
time required for nociceptor activation by the laser
stimulus. It is possible that cocaine inhibits both Aé
and C fiber input to the dorsal horn but is more
effective when the afferent barrage is less synchronous,
as is the case with laser stimulation. There was no
evidence that either electrical or laser stimulation on
the tail activated A afferents, so it appears that
activity in large diameter afferent fibers does not ac-
count for the difference in the effect of cocaine on
early unit discharge evoked by laser, as compared to
electrical, stimulation.

In previous studies, we have reported that cocaine
produces a dose-related behavioral antinociceptive ef-
fect in the rat hot plate and formalin tests [15]. Both
spiperone and eticlopride reversed the behavioral
antinociceptive action of cocaine, indicating the in-
volvement of both D1 and D2 dopaminergic mecha-
nisms. Initial attempts to evaluate the possible spinal
actions of cocaine using the tail flick test were hin-
dered by cocaine’s psychomotor stimulant activity,
which resulted in spontaneous tail twitching during the
testing procedure in awake rats. This difficulty was
circumvented by conducting the tail flick procedure in
lightly anesthetized rats [18]. Cocaine prolonged tail
flick latency at a dose previously shown to be antinoci-
ceptive in the hot plate and formalin tests [15]. The
latency to onset and time course for the antinociceptive
activity of cocaine in the tail flick test were comparable
to those in the hot plate and formalin tests [15]. Since
the tail flick reflex is spinally mediated, this finding
suggests that the antinociceptive effect of cocaine has a
significant spinal component.

Comparison of the time course of cocaine antinoci-
ception in the tail flick test and in neurophysiological
studies reveals a prolonged action of the drug in the
behavioral experiments. This difference in time course

probably reflects differences in the dose and route of
administration used in these studies. A maximum dose
of 3 mg/kg was given intravenously in the unit record-
ing experiments whereas the dose of 25 mg/kg was
injected intraperitoneally in the tail flick test.

Inhibition of the tail flick reflex and spinal dorsal
horn neuronal response to noxious stimulation could
result from a direct postsynaptic action of cocaine on
neurons within the dorsal horn or from the activation
or potentiation of inhibitory descending projections to
the dorsal horn. If cocaine acts directly on intrinsic
dorsal horn neurons, then interuption of the descend-
ing processes would not be expected to interfere with
the antinociceptive activity of cocaine. We examined
the effect of upper thoracic spinal transection on
antinociceptive effects of cocaine in the tail flick test
and in dorsal horn recording experiments. Cocaine was
without effect on tail flick response latency or on the
response of dorsal horn units to noxious pinch in rats
with a complete thoracic spinal transection. These find-
ings rule out the possibility that cocaine has a direct
antinociceptive action on neurons within the dorsal
horn and suggests that the drug causes activation or
potentiation of descending inhibitory projections to the
dorsal horn.

The precise neural pathways and mediators of the
antinociceptive action of cocaine remain unclear. Co-
caine inhibits the reuptake of norepinephrine, dopami-
ne and serotonin [10,11], each of which has been impli-
cated in neuronal mechanisms of pain modulation
[8,17,24]. 1t appears that noradrenergic mechanisms
may not be involved in the antinociceptive action of
cocaine, since atipamezole, an «,-adrenoceptor antag-
onist, failed to reverse the behavioral antinociceptive
effect of cocaine in the formalin test [21]. The finding
that eticlopride antagonized the antinociceptive action
of cocaine in behavioral experiments [15] and in the
neurophysiological studies reported here suggests that
a dopamine D2 mechanism is involved. The precise
location of the dopaminergic pathways involved cannot
be ascertained from these experiments. However, the
major dopaminergic input to the spinal cord originates
from cells in the All dopamine cell group and termi-
nates mainly in the dorsal horn and the intermediolat-
eral column, suggesting a role for these descending
dopaminergic projections in pain and autonomic regu-
lation [3,26]. Fleetwood-Walker et al. [9] demonstrated
that stimulation in the A1l region inhibited nociceptive
responses of units in the dorsal horn and that the
inhibitory effect was antagonized by sulpiride, a D2
receptor antagonist. It is possible that the antinocicep-
tive action of cocaine is mediated at least in part by the
activation or potentiation of this descending All
dopamine projection, presumably by a presynaptic ac-
tion within the dorsal horn. Alternatively or addition-
ally, cocaine could activate other supraspinal dopamin-
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ergic systems that modulate descending inhibitory
pathways to the dorsal horn.
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