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We examined the effects of morphine microinjected into the 
medullary dorsal horn (MDH) on the ability of monkeys to 
detect temperature increases in the noxious heat range. Behav- 
ioral detection latency and the percentage of correct detections 
were used as measures of the perceived intensity of noxious heat 
stimuli. Three monkeys were trained to detect a change (T2) of 
0.4, 0.6, or l.o”C from a previous noxious heat level of 46°C 
(Tl). Effects on attentional, motivational, and motoric aspects 
of the monkeys’ behavior were assessed by having them detect 
innocuous cooling and visual stimuli in tasks of similar diffi- 
culty. Morphine (1, 3, and 10 rg) microinjected into the MDH 
produced a dose-dependent and stimulus-intensity-dependent 
increase in the latency to detection of the T2 stimuli. These 
effects were opiate receptor-mediated since they were antago- 
nized by systemically administered naloxone (0.5 mg/kg, i.m.) 
given 40 min after the microinjection of morphine. There were 
no effects of morphine on the behavioral detection latencies to 
the innocuous cooling and visual stimuli, indicating that the 
effects of morphine were modality-specific and independent of 
changes in motivation, attention, or motoric ability. These data 
demonstrate a pharmacologically specific effect of opiates on 
the perceived intensity of noxious heat stimuli at the earliest 
central relay pathway transmitting noxious information. 

The mechanism of action of opiates and the sites where opiates 
produce their analgesic effects remain topics of current interest. 
Beecher (1959, 1966) proposed that opiates decrease pain per- 
ception by altering the emotional reaction to a noxious stimulus 
without altering its perceived intensity. In contrast, human psy- 
chophysical studies demonstrate that opiates diminish the per- 
ceived intensity of noxious tooth-pulp stimulation with variable 
effects on the perceived unpleasantness (Gracely et al., 1979, 
1982). 

Although the CNS sites where opiates diminish the perceived 
intensity of a noxious stimulus have not been identified, one 
likely site is the dorsal horn of the spinal cord and medulla. 
Biochemical studies have shown the dorsal horn to be rich in 
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opiate receptors (Atweh and Kuhar, 1977) and opioid peptides 
(Glazer and Basbaum, 1981; HGkfelt et al., 1977; Hunt et al., 
198 1; Ruda, 1982). Electrophysiological studies provide evi- 
dence that systemic and local administration of opiates depress 
the responses of dorsal horn neurons to noxious stimuli (for a 
review, see Besson et al., 1979; Dubner and Bennett, 1983; and 
Yaksh, 198 1). A number of studies have shown that opiates 
impair behavioral responses to noxious stimuli via a spinal 
mechanism (for a review, see Yaksh, 198 1; Yaksh and Rudy, 
1978). Finally, the medullary and spinal dorsal horns contain 
neurons that encode the intensity of noxious stimuli (see Dubner 
and Bennett, 1983; Willis and Coggeshall, 1978). The activity 
of these neurons correlates strongly with the perceived intensity 
of noxious heat stimuli in behaving monkeys (Bushnell et al., 
1984; Hoffman et al., 1981; Maixner et al., 1986). 

Although some of the above studies have shown that opiates 
produce a behavioral analgesia at the spinal level, they have not 
examined whether these effects are related to changes in the 
perceived intensity of noxious stimuli. The behavioral reactions 
observed may have resulted from changes in attentional, mo- 
tivational, or motoric processes. In the present studies, we have 
examined morphine’s effects in a behavioral task that distin- 
guishes between these components of behavioral responses to 
noxious stimuli. Monkeys were trained to detect noxious heat 
stimuli (Bushnell et al., 1985; Maixner et al., 1986). Morphine 
was administered into the medullary dorsal horn, and we ex- 
amined its ability to alter stimulus detection. We used behav- 
ioral detection latency, or reaction time, as a measure of the 
intensity of sensation. Reaction time is a feature of behavior 
that covaries with parameters of sensory stimulation even with- 
out specific training (Moody, 1970). Animal psychophysical 
studies have established a relationship between response latency 
and parameters of sensory stimulation in a number of sensory 
modalities (Stebbins, 1970) and recently we have shown that 
behavioral detection latency covaries with small temperature 
increases in the noxious heat range (Kenshalo et al., 1985). It 
appears that detection latency is a reliable measure of the per- 
ceived intensity of noxious heat stimuli. In addition, we have 
used the percentage of correct detections as another index of 
sensory function. Effects on attentional, motivational, and mo- 
toric aspects of the monkeys’ behavior were assessed by having 
the monkeys detect innocuous cooling and visual cues in ad- 
dition to noxious heat stimuli. By using innocuous cooling cues, 
we were also able to assess the submodality specificity of mor- 
phine’s action. We report that morphine administered in the 
medullary dorsal horn impairs the detection and discrimination 
of noxious thermal stimuli in a specific, dose-dependent manner 
without altering motivation, attention, or motoric ability. A 
preliminary report of this material has appeared elsewhere 
(Oliveras et al., 1986). 

3086 



The Journal of Neuroscience Opiate Effects on Perceived Intensity of Noxious Heat 3087 

ESPONSE BUTTON 

PRESS REWARD t TASK 

RELiASE 

Tl T2 

1-1 NOXIOUS HEAT 

Tl T2 

A=1 LIGHT 

Figure 1. Drawing of the experimental situation and diagram of the 
temporal sequence of events associated with the performance of the 
thermal and visual detection tasks. On innocuous coolingand light trials, 
the final T2 intensity was adjusted so that its difficulty was equivalent 
to that of the 0.4”C heating stimulus. 

Materials and Methods 
Three macaque monkeys (2 M. mulatta, 1 M. fascicularis) were used. 
Although these animals were fluid-restricted in order to motivate them 
to perform the behavioral tasks, they maintained a constant body weight 
between 4 and 5 kg, and normal food intake. Their fluid intake was 
earned as they performed the various behavioral tasks shown in Figure 
1. Thermal stimuli were delivered via a 1 -cm-diameter contact ther- 
mode positioned on the maxilla adjacent to the ala of the nose. A visual 
cue was presented as a small white light contralateral to the thermode 
placement, and was positioned on the top of the panel in front of the 
monkey. Monkeys performed the behavioral tasks while sitting in a 
primate chair (3 hr/d). At all other times, monkeys were housed in their 
home cages. 

Noxious heat, innocuous cooling, and visual-detection tasks 
Preliminary training procedures. The monkeys initiated a behavioral 
trial by depressing an illuminated button located on the lower part of 
the panel. The monkeys first were trained to press the illuminated button 
until a bright light, located on the upper part of the panel, was illumi- 
nated 3-9 set after trial initiation. If  the monkeys released the panel 
button, they were rewarded with fruit juice, and a new trial was presented 
15.0 set later. When the monkeys performed the visual task at better 
than 95% accuracy, their responses were transferred to cooling and 
noxious heat stimuli as described previously (Hoffman et al., 198 1). 

Final behavioral paradigm. The final tasks are shown in Figure 1. The 
different thermal and visual stimuli were delivered under computer 
control (Digital PDP 1 l/34). In the noxious heat task, panel-button 
press resulted in an increase in temperature from a baseline of 38°C to 
a noxious heat level of 46°C (Tl). The monkeys could escape the 46°C 
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Figure 2. Stability of detecting small incremental increases in noxious 
heating, innocuous cooling, and visual stimuli for monkeys H and G. 
The percentage of trials correctly detected over 10 consecutive control 
sessions remained constant and was approximately equivalent for the 
O&C noxious heat T2 and the cooling and light stimuli. 

stimulus by releasing the panel, but received no reward. A Tl temper- 
ature of 46°C is below pain tolerance levels, since monkeys escape this 
temperature with a probability of 0.3 or less (Dubner et al., 1976). 
Thermode temperature remained at 46.o”C for a random time period 
of 3-9 set, and then was heated an additional 0.4, 0.6, or l.o”C (T2). 
I f  the monkeys released the button within 2.4 set of the onset of T2, 
they were rewarded with 0.3 cm3 of fruit juice. The monkeys performed 
a similar innocuous cooling-detection task. Following panel-button press, 
the thermode decreased in temperature from 38 to 36°C (Tl). After a 
variable time period of 3-9 set, the thermode decreased an additional 
0.5”C (T2). Panel-button release within 2.4 set of T2 nrovided a iuice 
reward. Finally, the monkeys performed a visual-detection task.-Fol- 
lowing panel-button press, a light signal (Ll) of suprathreshold intensity 
was illuminated. After a 3-9 set random time period, the light increased 
in intensity (L2). As in the thermal-detection tasks, panel release within 
2.4 set resulted in a juice reward. 

Two measures of behavioral performance were used in these studies: 
the mean latency to detection (mLat) of correctly detected trials (i.e., 
the panel button was released within 2.4 set of stimulus onset), and the 
percentage of trials not detected (% ND, i.e., the panel button was 
released after 2.4 set of stimulus onset). The stimuli used in these studies 
were suprathreshold. The overall % NDs for experimental control ses- 
sions (i.e., no drug treatment) were 5.9, 0.3, and 0.0% for 0.4, 0.6, and 
l.O”C T2s, respectively. The corresnonding mLat for correctlv detected 
trials over the same sessions were-O.780 2 0.008 set, 0.684 f  0.004 
set, and 0.658 + 0.003 sec. The intensities of the innocuous cooling 
cue and the visual cue were adjusted to the same degree of behavioral 
difficulty as the 0.4”C thermal stimulus. Figure 2 shows that their degree 
of difficulty remained constant over a number of experimental sessions. 

Microinjection procedures 
When the monkeys performed the behavioral tasks at better than 95% 
accuracy, the first 4 cervical vertebrae were fused to the occipital bone, 
as described previously (Hoffman et al., 1981). This procedure pre- 
vented spinal cord and brain stem movements during medullary dorsal 
horn (MDH) neuronal recordings and microinjection procedures. A 
stainless steel chamber was also implanted in order to support the mi- 
croelectrode drive and the microinjection cannula guide (Hoffman et 
al., 198 1). The MDH was systematically explored with platinum-coated 
tungsten microelectrodes (l-2 MQ at 1000 Hz) in order to define the 
MDH region that represented the skin around the upper lip. 

Morphine sulfate (1, 3, or 10 rg) dissolved in saline (0.9%) vehicle 
was microinjected into MDH sites from which thermally sensitive no- 
ciceptive neurons were recorded. The monkeys received only 1 mor- 
phine microinjection per week and each dose was given once to each 
monkey to minimize the possibility of tolerance effects (Yaksh, 1983). 
Morphine sulfate and saline were delivered in a volume of 0.2 ~1 over 
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Figure 3. Average peristimulus histograms obtained from the responses of a wide-dynamic-range neuron to a 46.K Tl stimulus and T2 stimuli 
of 0.4,0.6, or 1 .OC Twelve trials were averaged to construct the histogram associated with the 38-46.O”c (Tl) stimulus. Four trials were averaged 
to construct each histogram associated with the 0.4, 0.6, or l.O”c increase (T2) in heating. Arrows indicate time of occurrence of each stimulus. 
P, The press of the illuminated panel button, which was followed 0.5 set later by the onset of the Tl stimulus. L, Time of occurrence (12 trials, 
range shown by brackets) of illumination of the panel button, indicating to the monkey that he could initiate the trial. R, Release of the panel on 
the 4 trials (brackets indicate.range) for each T2 stimulus. The mean behavioral detection latencies were 0.96, 0.77, and 0.68 set on the 0.4, 0.6, 
and 1 .o”c trials, respectively. The stippled area in the face drawing represents the neuron’s receptive field to low-threshold mechanical stimulation. 
The insert of the medulhy dorsal horn illustrates the location of the microinjection cannula. 

a period of 2 min via a 32-gauge stainless steel cannula connected to a 
1 ~1 Hamilton syringe, driven with a micropump. 

The time course and effect of MDH-administered morphine on ther- 
mal and visual detection were evaluated in 3 monkeys. Each experi- 
mental session consisted of 18 sequential blocks of behavioral trials. 
Each block took approximately 8 min to complete and consisted of 20 
randomly presented thermal and visual trials. Each block consisted of 
4 visual trials, 12 noxious heat trials (4 each of 0.4, 0.6, and 1.W 
increments from 46.O”c). and 4 innocuous cooline. trials (0.5”c decre- 
ments from 36.OYJ. After placement of the micro:njection system, the 
monkeys performed 2 blocks of behavioral trials. At the end of the 
second block of behavioral trials, either morphine or saline was mi- 
croinjected into the MDH, as described above. Following microinjection 
of morphine or saline, the monkeys continued to perform 16 additional 
blocks of behavioral trials. On days without microinjections, the animals 
performed 18 behavioral blocks of trials to maintain their behavior and 
to monitor the degrees of difficulty of the different cues. 

The ability of opiate-receptor blockade to diminish the effects of 
MDH-administered morphine was examined in 2 monkeys. Either 3 
pg (monkey A) or 10 pg (monkey H) of morphine or saline (monkeys 
A and I-I) was microinjected into the MDH at the beginning of behav- 
ioral block 3. At the sixth block of behavioral trials, either naloxone 
(0.5 mg/kg) or anequal volume ofvehicle (0.9% saline) was administered 
intramuscularly and the monkey continued to perform the remaining 
12 blocks of behavioral trials. 

In separate experiments, the time course and location of morphine- 
induced itching following MDH administration was observed in 2 mon- 
keys (G and H). In these experiments, either 3 pg (monkey G) or 10 pg 

(monkey H) was microinjected into the MDH. The animals were eval- 
uated in their home cages over the next 120 min, which corresponded 
to the amount of time required to complete 15 behavioral blocks of 
trials. The number of scratches was monitored by 3 independent in- 
vestigators. Rapid rubbing of the face or other body regions with either 
the dorsal surface of the hand or the nails was considered to represent 
a scratch. The number of scratches and their anatomical locations were 
monitored in 8 min epochs. 

Data collection and analysis 
Behavioral and neural data were collected, stored, and analyzed with 
the aid of Digital PDP 1 l/34 and PDP 1 l/70 computers. The following 
behavioral events were monitored: (1) the time from illumination of 
the lower panel button until panel press (i.e., trial initiation time); (2) 
the time from the onset of T2 until panel release (i.e., detection latency); 
(3) early panel releases (before T2) and misses (no detection-ND). 
Dose- and stimulus-intensity-dependent effects were determined from 
mLats on correct detection trials over blocks 3-18 from 3 monkeys. 
For time course data, averages of correctly detected latency values were 
calculated for. each behavioral block of trials. 

The effects of systematically administered naloxone and saline on the 
behavioral effects induced by MDH-administered morphine were eval- 
uated between blocks 10 and 14. This time window began approximately 
60 min after microinjection of morphine or saline into the MDH and 
approximately 30 min after the administration of naloxone. This time 
window was selected since it represents the period when morphine’s 
effect on noxious heat detection had reached a plateau (Fig. 4). 
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Figure 4. Time course of the effects of MDH-administered morphine 
(0) or saline (0) on the average detection latency on correctly detected 
behavioral trials of 3 monkeys (A, H, G). Three panels (top to bottom) 
show effects of morphine (1, 3, and 10 pg combined) and saline (NaCl 
0.9%) administered into the medullary dorsal horn on the detection of 
0.4, 0.6, and l.O”C increases in heating from 46.0% (Tl). The bottom 
panel shows the effects of morphine and saline on the detection of a 
visual cue. Mean latency values were obtained by averaging individual 
latency values of correctly detected thermal and visual behavioral trials 
in each behavioral block of trials. For the morphine curves, a maximum 
of 36 individual latency values was used to determine each mean data 
point (e.g., 4 trials of a given stimulus per behavioral block of trials x 
3 doses of morphine x 3 monkeys). For the saline curves, a maximum 
of 12 individual latency values was used to determine each mean data 
point (e.g., 4 trials of a given stimulus per behavioral block of trials x 
1 dose of saline x 3 monkeys). Bars, SEM. 

Dose, stimulus intensity, and treatment main effects were determined 
by ANOVA, using the proper factoral design. When appropriate, Dun- 
can’s Multiple-Range Test was used to determine which doses of mor- 
phine and stimulus intensities produced different mLat responses. Chi- 
square analysis was used to analyze percentage data. Significance was 
assumed at the p < 0.05 level. 

Histological examination 
The microinjection cannula placements were determined by exam- 
ining the lower brain stem after tissue fixation (formaldehyde 4% and 
glutaraldehyde 0.2%) and staining (cresyl violet). Tissue was cut into 
50 pm sections and examined for the position of the cannula tip relative 
to the lamination of the MDH (for a description, see Gobel et al., 1977). 

Results 

Morphine microinjection sites 
While the monkeys performed the task, electrophysiological ex- 
ploration of the MDH was conducted in order to identify regions 
that contained thermally sensitive neurons. Morphine was mi- 
croinjected into sites containing wide-dynamic-range neurons 
(i.e., neurons that respond to innocuous tactile stimuli, but that 
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Figure 5. Dose- and stimulus-dependent effects of microinjected mor- 
phine or saline on the detection of noxious heat stimuli. The three curves 
represent the effects of MDH-microinjected saline or morphine on the 
detection of 0.4, 0.6, or l.O”C increases in heating from 46.O”C. Data 
points represent the average latency value obtained from 3 monkeys for 
correctly detected trials over behavioral blocks 3-18 (i.e., 16 contiguous 
blocks of behavioral trials). Thus, a maximum of 192 individual trials 
was used to calculate each average latency value (e.g., 4 stimulus pre- 
sentations per block of behavioral trials x 16 blocks of behavioral trials x 
3 monkeys). Bars, SEM. 

respond maximally to noxious stimuli) and nociceptive-specific 
neurons (i.e., neurons that respond only to noxious stimuli). 
These neurons encode noxious heat intensity and may provide 
monkeys with information necessary to properly execute the 
detection task (Maixner et al., 1986). The responses of a wide- 
dynamic-range neuron during the noxious heat detection task 
are shown in Figure 3. This neuron had a receptive field that 
included the ophthalmic and maxillary divisions of the face. 
When the thermode temperature increased to 46.o”C, the neuron 
increased its frequency of firing from approximately 10 to 32 
Hz. On separate trials, the neuron encoded, in a graded manner, 
the intensities of T2 stimuli of 0.4-l PC. Similarly, the behav- 
ioral detection latencies decreased as the magnitude of discharge 
increased. This site was chosen for microinjection of morphine 
in this monkey; histological examination revealed its location 
to be 2-3 mm caudal to obex in the lateral aspect of laminae 
V, close to the ventrolateral region of the superficial dorsal horn 
laminae (Fig. 3, inset). The microinjection sites in the other 2 
monkeys were similar. 

Effects of morphine microinjection on general behavioral 
performance 
Following morphine administration into the MDH, the mon- 
keys could always successfully perform the 18 blocks of behav- 
ioral trials. Minor differences in behavioral performance were 
noted. During control sessions, the monkeys failed to initiate 
4.1% of the trials within 2.0 set of lower-panel-button illumi- 
nation, while during morphine sessions this increased signifi- 
cantly to 8.7% (p < 0.005). The frequency ofearly panel releases 
on noxious heat trials increased significantly (p < O.OOl), from 
6% during saline sessions to 19% during morphine (1, 3, and 
10 pg) sessions. This effect was not dose-dependent. It also was 
not stimulus-modality-specific, since a similar effect was ob- 
served during the performance of the innocuous cooling trials 
(saline: 12%; morphine: 23%; p < 0.004). 
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Table 1. Effects of MDH-administered morphine on % ND of 
noxious heat trials 

% ND 

Solution 0.4% 0.6”c 1 .O”C 

Saline 8 lb Ob 
1 rg Morphine 27a 4&b 1°C 

3 pg Morphine 31a go.6 1b.e 

10 pg Morphine 25a 160-’ lo”-1 

Data were obtained from all 3 monkeys and analyzed using a chi-square test (CZ = 
0.05). 

a Statistically different from the saline value. 
b Statistically different from the 0.4”C value. 
c Statistically different from the 1 rg morphine value. 
d Statistically different from the 3 pg morphine value. 
r Statistically different from the 0.6% value. 

Time course of the effects of morphine microinjection 
Figure 4 shows the time course of the effects of MDH-admin- 
istered morphine (1, 3, and 10 pg combined) on the mLats 
observed on correctly detected noxious thermal and visual trials 
in the 3 monkeys. Saline administered into the MDH did not 
significantly alter the mean detection latency or % ND to nox- 
ious thermal stimuli over the next 16 blocks of behavioral trials, 
as compared to the initial 2 blocks of behavioral trials. In con- 
trast, morphine induced a long-lasting increase in mLats asso- 
ciated with the detection of the 3 noxious T2 stimuli. This effect 
developed gradually and reached a plateau after microinjection 
for all three T2s. A transient decrease in morphine’s ability to 
alter the detection of 0.4”C T2s was observed between 32 and 
56 min after microinjection. Morphine did not increase the 
mLats for the detection of the near-threshold visual cue. No- 
tably, MDH morphine actually decreased (p < 0.05; t test) the 
average mLats on visual trials summed between 30 and 60 min 
after microinjection, as compared to values obtained following 
saline administration. 

Dose- and stimulus-dependent effects of morphine 
microinjection 
Morphine increased the mLats and % ND dose-dependently 
(Fig. 5, Table 1). For 0.4, 0.6, and l.O”C, a significant effect of 
the morphine dose administered on the mLats associated with 
correctly detected trials was observed (ANOVA; 0.4”C, F = 
17.4, df = 3,582, p < 0.001; 0.6”C, F = 21.1, df = 3,697, p < 
0.001; and l.o”C, F = 30.5, df = 3,778, p < 0.001). The mLats 
following the administration of either 1,3, or 10 pg of morphine 
were greater than those associated with saline (Duncan’s Mul- 
tiple-Range Test; p < 0.05) for all 3 stimulus intensities. Sim- 
ilarly, the mLats following 3 pg of morphine were significantly 
greater than those associated with 1 clg of morphine for all 3 
stimulus intensities. The mLats following 10 jtg of morphine 
were greater than those associated with 1 Mg for 0.6 and l.o”C 
T2s. As can be seen in Table 1, morphine also dose-dependently 
increased the % ND of 0.6 and l.O”C T2s. 

Morphine microinjection impaired the detection of noxious 
thermal stimuli in a stimulus-intensity-dependent fashion. As 
is shown in Figure 5 and Table 1, as the intensity of the T2 
stimulus increased, the ability of morphine to increase mLats 
or the % ND decreased. Analysis of the data (morphine doses 
1, 3, and 10 pg combined) used to construct Figures 4 and 5 
reveal a significant effect of stimulus intensity (F = 113.3, df = 
2,146, p < 0.00 1) on the ability of morphine to increase mlats. 

Effects of systemically administered naloxone on morphine’s 
action 
The effect of systemically administered naloxone (0.5 mg/kg, 
i.m.) on morphine’s ability to increase mLats of correctly de- 
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Figure 6. The effects of systemically administered naloxone on the 
increase in detection latencies associated with MDH-administered mor- 
phine irrespective of T2 stimulus intensity (i.e., 0.4,0.6, and 1 .O”C data 
combined). The open bar represents the mean response produced by 
intramuscularly (i.m.) administered injections of naloxone (0.5 mp/kg) 
alone; the stipple-shaded bar, the mean response produced by i.m. saline; 
the diagonal-shaded bar, the mean response produced by MDH-ad- 
ministered saline; the cross-hatched bar, the mean response produced 
by MDH-administered morphine (10 rg, monkey H; 3 pg, monkey A); 
and the solid bar, the mean response produced by MDH-administered 
morphine (10 pg, monkey H; 3 wg, monkey A) in the presence of nal- 
oxone (0.5 mg/kg, i.m.). Each bar was constructed by averaging detection 
latencies over behavioral blocks lo-14 (i.e., 5 contiguous blocks of 
behavioral trials when morphine was exhibiting its peak effect; see Fig. 
4). Thus, a maximum of 120 values was used to calculate each average 
latency value (e.g., 12 stimulus presentations per block of behavioral 
trials x 5 blocks of behavioral trials x 2 monkeys). Top bars, SEM. 

tected noxious thermal trials following administration into the 
MDH is shown in Figure 6. Analysis of these data (ANOVA) 
revealed a significant treatment effect (F = 20.2, df = 4,578, p 
< 0.00 1). Duncan’s Multiple-Range Test revealed that naloxone 
treatment significantly attenuated the effects of MDH-admin- 
istered morphine on noxious heat detection (0.4,0.6, and 1 .o”C 
data combined). MDH-administered morphine significantly el- 
evated the mLats of correctly detected noxious thermal trials, 
compared to MDH-administered saline. Although naloxone had 
a tendency to decrease mLat values, compared to values ob- 
tained following systemic saline, this difference did not reach 
statistical significance. Naloxone had a tendency to decrease the 
% ND associated with MDH-administered morphine (5 vs 7.5%), 
but these values were not statistically different from one another. 

Effects of morphine microinjection on cooling detection 
Figure 7 shows the effects of MDH-administered morphine on 
the mLats associated with correctly detected cooling trials. Al- 
though a trend for morphine to increase the mLats associated 
with correctly detected cooling trials was observed, it did not 
reach statistical significance (p < 0.07), nor was it dose-depen- 
dent. The effect of morphine on cooling trials was greatest for 
the 1 pg dose, in contrast to that on noxious heat trials, where 
its effect was greatest at the 3 pg dose. Similarly, morphine 
administered into the MDH did not significantly alter the fre- 
quency of NDs as compared to MDH-administered saline on 
cooling trials. The % NDs following saline and 1, 3, or 10 pg of 
morphine were 4, 9, 6, and 4%, respectively. 

Scratching induced by MDH-administered morphine 
As shown in Figure 8A, the scratches observed in each 8 min 
epoch occurred almost exclusively ipsilateral to the microinjec- 
tion site. Morphine-induced itching began within 16 min of 
microinjection and the frequency of scratching remained con- 
stant during the subsequent 128 min of observation. The mean 
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Figure 7. The effects of MDH-administered saline or various doses of 
morphine on the detection of a 0.5”C cooling stimulus from 36.0%. The 
curve for the detection of the 0.4”C increase in heating from 46.o”C is 
included for comparison (broken curve). Each data point was determined 
by averaging individual latency values from 2 monkeys (G, H) over 
behavioral blocks 3-l 8 (i.e.. 16 continuous blocks of behavioral trials). 
Thus, a maximum of i28 ‘trials was used to calculate each average 
latency value (e.g., 4 stimulus presentations per block of behavioral 
trials x 16 blocks of behavioral trials x 2 monkeys). 

number of scratches for the 2 monkeys varied from 20 to 45 
during each 8 min epoch. In Figure 8B, the percentage of total 
scratches in a given facial region over the time of observation 
is shown. These data show that itching occurred primarily around 
the eye and nose in regions that overlapped receptive fields of 
neurons in this area of the MDH (see Fig. 3). Nose and eye 
scratching were more frequent than scratching of other facial 
and body regions throughout the observation period. For other 
regions, such as the upper and lower lips, scratching developed 
later, reaching a maximum between 48 and 64 min after mi- 
croinjection. 

Discussion 
We have shown that morphine microinjected into the medullary 
dorsal horn altered the monkeys’ ability to detect noxious heat 
stimuli. Previous studies have demonstrated that detection la- 
tency is a reliable measure of the perceived intensity of a stim- 
ulus (Moody, 1970; Stebbins, 1970). The finding that behavioral 
detection latency covaries with small temperature increases in 
the noxious heat range (Kenshalo et al., 1985) has been con- 
firmed in the present study. Mean detection latencies increased 
as a function of T2 magnitude. We also used the frequency of 
detection failure as an index of sensory function. The % ND 
decreased as a. function of stimulus intensity. Morphine mi- 
croinjection into the MDH altered these 2 measures of behav- 
ioral performance in a dose- and stimulus-dependent fashion. 
These findings suggest that morphine attenuates the perceived 
intensity ofnoxious heat stimuli by altering the sensory encoding 
process at the level of the dorsal horn. 

The monkeys were able to perform the tasks with great ac- 
curacy and their behavior remained stable over time during 
control sessions. Morphine microinjection produced few effects 
on the monkeys’ overall performance. The only general behav- 
ioral effects of MDH-administered morphine were an increase 
in the time to trial initiation and the frequency of early trial 
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Figure 8. The time course and somatotopic distribution of morphine- 
induced facial pruritis. A, Total number of scratches observed in 2 
monkeys (H, G) during 15 observation periods lasting 8 min each. 
Scratches ipsilateral and contralateral to the microinjection site were 
determined. B, Relative percentages of scratches on different regions of 
the face ipsilateral to the microinjection site are plotted as a function 
of time. The drawing shows the different facial regions evaluated. 

terminations during the performance of the noxious heat de- 
tection task. The increased frequency of early trial terminations 
most likely resulted from the monkey’s search for new strategies 
to obtain liquid reinforcement as the detection of changes in 
noxious heating became more difficult. We have observed sim- 
ilar behavior in a monkey as it is trained to detect and discrim- 
inate new and more difficult sensory cues. The tendency towards 
early trial terminations introduces a guessing strategy that could 
result in correct responses on trials in which the monkey failed 
to detect the T2 noxious heat cue. Such behavior would tend 
to diminish the apparent effects of morphine on both mLat and 
% ND values. 

Additional evidence for the pharmacological specificity of the 
observed effects on noxious heat detection is provided by the 
results of relatively low doses of naloxone (0.5 mg/kg i.m.). 
Naloxone reversed the effects of MDH-administered morphine, 
and the time course of this reversal was compatible with the 
pharmacokinetics associated with systemically administered 
naloxone. In the rat, peak naloxone brain levels are obtained 
approximately 30 min after administration and have a half-life 
of approximately 24 min (Misra, 1978). 

The opiate receptor subtype that mediates morphine’s effect 
on noxious heat detection is not known. It has, however, been 
established that p-, 6- and K-opiate receptors are localized in the 
spinal cord (Martin et al., 1976; Yaksh, 1983). It is likely that 
y- and/or possibly b-opiate receptors are responsible for the 
observed effects, since morphine is active at these 2 receptor 
sites (p > 6; Wtister et al., 1978; Yaksh, 1983). Furthermore, 
these 2 opiate receptor subtypes are thought to influence reflex 
responses to noxious thermal heat in rats (Schmauss and Yaksh, 
1984). 
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A number of findings support the view that morphine mi- 
croinjection specifically impairs the detection of noxious heating 
without influencing attention, motivational factors, or gross mo- 
tor ability. MDH-administered morphine did not alter the mon- 
keys’ ability to perform or initiate behavioral trials, nor did it 
produce a state of behavioral depression, which commonly fol- 
lows the systemic or intrathecal administration of opiates (Her- 
nandez and Appel, 1979; Vierck and Cooper, 1984; Yaksh, 
1983). The tendency for the detection of the visual cue to im- 
prove following MDH-administered morphine also demon- 
strates that morphine did not impair noxious heat detection by 
altering attentional aspects of behavior. The improvement in 
performance in the visual detection task most likely resulted 
from an increase in the monkeys’ vigilance as noxious heat 
detection became more difficult. In support of this view is that 
the detection ofthe 0.4”C T2 stimulus also improved transiently 
during this time period (Fig. 4). These findings suggest that this 
task is sensitive to attentional effects and that MDH-adminis- 
tered morphine may have actually improved the monkeys’ vig- 
ilance during the task in spite of the depressive action of opiates 
on noxious heat detection. Such increased vigilance would tend 
to diminish the effects of morphine on mLat responses and the 
frequency of trials not detected. 

These findings are in agreement with other studies that have 
demonstrated pharmacologically specific, antinociceptive ef- 
fects of opiates administered into the MDH (Rosenfeld et al., 
1983) or intrathecally (Yaksh, 1983; Yaksh and Rudy, 1978). 
These studies employed behavioral measures such as face rub- 
bing, tail flick, or shock titration. However, such assays do not 
separate the effects of opiates on the sensory-discriminative (i.e., 
perceived intensity, duration, and location of the stimulus) as- 
pects of pain from their effects on attentional, motivational, or 
motoric factors associated with behavioral performance. In con- 
trast, we have designed a behavioral task that reveals that mor- 
phine alters the sensory-discriminative aspects of noxious heat 
without influencing these other aspects of the monkeys’ behav- 
ior. 

The inability of MDH-administered morphine to significantly 
alter cooling detection in a dose-dependent manner provides 
additional evidence that morphine exerts specific effects on the 
detection of noxious heat stimuli. This confirms previous find- 
ings that cooling and noxious heat stimuli are encoded by dif- 
ferent neuronal systems in the dorsal horn (Dubner et al., 1975; 
Poulos and Molt, 1976). Our findings do not agree with those 
of Schwartz et al. (1978), who demonstrated that systemically 
administered morphine impaired cooling detection in monkeys. 
However, the relatively high doses of morphine (i.e., l-10 mg/ 
kg, i.m.) that they used may have influenced the general be- 
havioral performance of the monkeys. 

We also observed face scratching following MDH-adminis- 
tered morphine. Earlier reports described morphine-induced 
pruritis after intrathecal administration in both humans and 
monkeys (for a review, see Yaksh, 198 1). Our findings dem- 
onstrate a specific pattern related to the microinjection site and 
the somatotopic organization of the MDH, whereas earlier stud- 
ies described a general body pruritis. It is possible that mor- 
phine-induced itching may have influenced the detection of nox- 
ious heat by distracting the animals, but this is unlikely for a 
number of reasons. First, the scratching behaviors and morphine 
effects exhibited different time courses. Second, the monkeys 
were able to detect the onset of a difficult light stimulus and of 
a difficult thermal cooling stimulus that was also applied to the 
same area of the face. Finally, one would have expected heat 
detection to have improved, since itch induced by pharmaco- 
logical means or pathological conditions lowers the thermal pain 
threshold (Hardy et al., 1967). 

Compared to systemically or intrathecally administered mor- 
phine, MDH-administered morphine provides more direct evi- 
dence that opiates can impair the transmission of nociceptive 

information at the dorsal horn level. A number of factors make 
it likely that morphine’s effect on noxious heat detection resulted 
from a direct effect on MDH neuronal activity as opposed to 
diffusion to other loci outside of the MDH. We used a relatively 
small microinjection system (i.e., 32 gauge), compared to the 
dimensions of the MDH. In addition, we microinjected small 
doses and a very small volume (i.e., 0.2 ~1) into the MDH. 
Previous studies that used doses as large as 30 Kg and volumes 
as large as 5.0 ~1 have reported that morphine spread at a rate 
of 4.0 mm/hr (Clark et al., 1983; Jaeger, 1965; Lomax, 1966; 
Weast, 1977; Yaksh and Rudy, 1978). The observation that 
MDH-administered morphine did not impair the detection of 
difficult cooling and visual stimuli also supports the view that 
the observed effects did not result from the diffusion to sites 
outside of the MDH. Finally, the time course and localization 
of morphine-induced scratching to the ipsilateral face provides 
strong functional evidence that morphine remained within the 
MDH over the 128 min observation period. The most intense 
scratching occurred around the eye and nose regions, further 
suggesting that morphine remained localized to the ophthalmic 
and maxillary representations within the MDH. Verification 
that the cannula was localized to the maxillary and ophthalmic 
distribution was provided by electrophysiological recordings in 
the region where morphine was microinjected (see Fig. 3). Itch- 
ing of the upper and lower lips appeared approximately 50-60 
min after microinjection. The approximate distance between 
the MDH representation of the eye/nose somatic regions and 
the lips is 2-3 mm (Kerr et al., 1968), suggesting a diffusion rate 
of approximately 3.0 mm/hr. 

These data are the first to demonstrate that opiates reduce 
pain at the dorsal horn level by attenuating its perceived inten- 
sity. This is in contrast to the commonly held view that opiates 
reduce pain by diminishing the affective qualities of pain (Bee- 
cher, 1959, 1966). These findings are in agreement with recent 
human studies (Gracely et al., 1979, 1982) demonstrating that 
the opiate-receptor agonist fentanyl impairs the perception of 
the intensity of experimentally evoked tooth-pulp pain with 
variable effects on the perceived unpleasantness. It is unlikely 
that the monkey’s detection latencies are a measure of the per- 
ceived unpleasantness of the T2 stimulus, since 46-47°C ther- 
mal stimuli are below the monkey’s escape threshold (Dubner 
et al., 1976). 

We conclude that opiates exert a pharmacologically specific 
effect on the sensory intensity component of pain at the earliest 
central relay pathway transmitting noxious information. It is 
generally accepted that the dorsal horn in the medulla contains 
the neural substrate encoding the intensity of noxious heat stim- 
uli. The present findings support the conclusion that these neu- 
rons participate in the encoding process by which monkeys per- 
ceive the intensity of such stimuli (Bushnell et al., 1984; Hoffman 
et al., 1981; Maixner et al., 1986). Opiates appear to alter this 
encoding process. 
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