
Physiological Psychology 
1981, Vol. 9 (3), 245-250 

Naloxone can alter experimental 
pain and mood in humans 

JONATHAN SCHULL and HILLARD KAPLAN 
University oj Pennsylvania, Philadelphia, Pennsylvania 19104 

and 

CHARLES P. O'BRIEN 
University oj Pennsylvania, Philadelphia, Pennsylvania 19104 

and VA Medical Center, University and Woodland A venues, Philadelphia, Pennsylvania 19104 

The present experiment investigated the possibility that endogenous opioids attenuate 
aversive experience in humans. Two experimental pain procedures-cold pressor pain, and 
ischemic pain produced by the submaximal effort tourniquet technique-were administered 
on each of 2 consecutive experimental days. Seven subjects received double-blind infusions 
of the opiate antagonist naloxone on Day 1 and saline on Day 2; for seven other subjects, the 
order was reversed. Based on earlier studies of exogenous opiate analgesics, the present ex
periment was designed to maximize subject anxiety and the "disturbingness" of the ischemic 
pain. Under these conditions, opiate receptor blockade significantly affected ratings and 
tolerance times for ischemic pain, anxiety, and mood. These results contrast with those of 
recent studies in which naloxone effects on experimental pain in humans were subtle or in
discernible, and suggest that psychological factors will have to be controlled and studied 
in the investigation of physiological bases of pain and other psychological states. 

The discovery of endogenous opioid substances 
(endorphins) in animal nervous systems has spawned 
a series of experiments designed to explore their 
natural functions and the conditions under which 
they are active (Fanselow, in press; Maier, Drugan, 
Grau, Hyson, MacLennan, & Moye, in press; Riley, 
Zellner, & Duncan, 1980; Sherman & Liebeskind, 
1980; Snyder, 1980). Since exogenous opiates such 
as morphine have analgesic properties, it has been 
supposed that one natural function of endorphins 
is to modulate pain. If this is the case, naloxone, an 
opiate antagonist, should enhance pain by preventing 
endorphins from producing their effects. Clinical 
pain reportedly is enhanced by naloxone (Lasagna, 
1965; Levine, Gordon, Jones, & Fields, 1978; cf. 
Goldstein & Grevert, 1978). However, previous lab
oratory investigations using naloxone have failed to 
show that opiate receptor blockade has any appre-
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ciable effects on experimental pain in humans 
(EI-Sobky, Dostrovsky, & Wall, 1976; Grevert & 
Goldstein, 1977, 1978; Volavka, Bauman, Pevnick, 
Reber, James, & Cho, 1980), although, in subgroups 
of subjects, interactions of naloxone with pain sensitiv
ity (Buchsbaum, Davis, & Bunney, 1977) and stress 
(Frid, Singer, & Rana, 1979; Willer, Dehen, & 
Cambier, 1981) have been reported. These' largely 
negative results should not be discouraging, how
ever, since even exogenous opiate analgesics, so ef
fective in clinical situations, are notoriously variable 
in the laboratory (Adler & Lomazzi, 1974; Beecher, 
1959; Meyer, Greksch, & Walther, 1978; Parry, 
1979; Wolff, Hardy, & Goodell, 1940). Until the 
factors which determine the effectiveness of opiates 
are brought under control, a clear test of the hy
pothesis that endogenous opiate systems function 
to reduce pain may be difficult to achieve. The pur
pose of the present experiment was to provide such 
a test. 

We reasoned that successful demonstration of 
naloxone-induced hyperalgesia, like that of opiate 
analgesia, would depend upon the extent to which 
experimental procedures approximate clinical pain. 
Procedures such as the submaximum-effort tourniquet 
technique have been developed to stimulate the se
verity and duration of clinical pain (Smith, Lowenstein, 
Hubbard, & Beecher, 1968). This procedure is one 
of two pain-induction techniques employed in the 
present experiment. 
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However, regardless of the pain stimulus per se, 
anxiety levels are typically higher in clinical situa
tions than in the laboratory, and pain is often eval
uated differently in these two contexts (Beecher, 
1959; Smith, Lowenstein, Hubbard, & Beecher, 
1968; Sternbach, 1968; Wolff, Hardy, & Goodell, 
1940). While clinical pain is often evaluated in terms 
of the suffering it engenders, experimental pain is 
often not disturbing, and subjects and experimenters 
often focus on sensory aspects of pain. Even in the 
laboratory, however, it has been shown that ma
nipulation of anxiety levels influences emotional 
components of pain and that higher levels of anxiety 
render subjects more susceptible to opiate analgesics 
(Chapman & Feather, 1973; Gracely, McGrath, & 
Dubner, 1978; Hill, Belleville, & Wikler, 1955; Hill, 
Kornetsky , Flanary, & Wikler, 1951, 1952a). There
fore, our study was designed to maximize subject 
anxiety and the "disturbingness" of the experimental 
procedures. We also measured disturbingness, as well 
as the intensity of the pain, and included a measure 
of pain tolerance time, which is thought to be a par
ticularly sensitive measure of the affective dimen
sions of pain and is often found to be more sensitive 
to the effects of analgesics (e.g., Chapman & Feather, 
1973; Wolff, 1978; Woolf, 1979). Thus, our experi
ment was designed to simulate the severity, duration, 
and anxiety normally associated with clinical pain, 
and to assay the effect of opiate receptor blockade 
on emotional as well as sensory dimensions of pain. 

METHODS 

Subjects 
Our subjects (N = 14) were male (N = 6) and female (N = 8) 

paid volunteers, aged 18-55 years with a median age of 21. 

Procedure 
A complete description of the experimental protocol is available 

in Schull (1980/1981). 
Two pain procedures were employed, cold water immersion of 

the hand and ischemia. In the cold pressor technique, the sub
ject placed his left hand in a bath circulating cold water (10°C) for 
7 min. In the submaximum-effort tourniquet technique, ischemic 
pain was produced by inflating a blood pressure cuff placed 
above the elbow of the left arm to 2S0 mm Hg and having the 
subject squeeze an exerciser handle 30 times. Each ischemic trial 
lasted until the subject asked to have the cuff deflated (with a 
2O-min limit); a measure of time to pain tolerance was thus ob
tained. For the duration of each procedure, the subject rated the 
intensity and the disturbingness of the pain at IS-sec intervals on 
scales from 0 to 100 (see caption of Figure I). 

The experiment was conducted on 4 consecutive days. During 
the first ("orientation") day, the subjects were told that the pur
pose of the experiment was to study the effects of naloxone on 
psychological reactions to the experimental stimuli (no men
tion was made of endorphins or of the anticipated direction of 
the naloxone effect). The subjects were also trained in the use of 
the pain-rating scales during a practice cold pressor trial. Since 
pilot work had indicated that the ischemic pain procedure was 
most stressful on the first trial, this procedure was described 
but not practiced on the orientation day, in order to maximize 
the novelty and aversiveness of this procedure on the experimental 
days (cf. Johnson, 1973). The sequence of events on the 2 ex-

peri mental days was as follows: (1) insert intravenous needle (IV), 
(2) administer Profile of Mood States (POMS) questionnaire, 
(3) administer Spielberger Anxiety State questionnaire, (4) cold' 
pressor procedure, (5) administer postpain questionnaire, (6) repeat 
Spielberger Anxiety State questionnaire, (7) ischemic pain procedure, 
(8) readminister postpain (mood) questionnaire, (10) taste prefer
ence procedure (Schull, 1980/1981; Rozin, Ebert, & Schull, Note I). 
Double-blind infusions of saline or naloxone (10 mgl70 kg) were 
delivered unsignaled at the beginning of each pain procedure, I min 
45 sec after the ratings began. Prior to the experiment, the subjects 
had been assigned randomly to groups. Group Nal-Sal received 
naloxone on the first experimental day and saline on the second; for 
Group Sal-Nal, the order was reversed. On the final day of the 
experiment, the subjects were interviewed (still double-blind) about 
their experiences during the experiment. 

In order to heighten subject anxiety, the following features 
were incorporated into the experimental procedure: (1) Following 
placement of the IV, the subject was alone for the duration of 
each session in a sound-attenuated experimental chamber equipped 
with video monitoring equipment. (2) Communication with the 
subject was formal, and verbal interaction was minimized through 
the use of tape-recorded instructions. No reassurance was given 
during insertion of the IV. (3) The blood pressure cuff was in
flated and deflated remotely from outside the chamber. The last 
manipulation, along with the omission of a practice trial with the 
submaximum effort tourniquet technique, should specifically have 
increased the aversiveness of the ischemic procedure. 

RESULTS 

Naloxone had no effects on ratings of cold pressor 
pain; scores on both experimental days were strik
ingly similar (mean naloxone score = 26.48; mean 
saline score = 26.83, based on the mean of the last 
7 of 14 pain-intensity ratings). In contrast, naloxone 
did increase the aversiveness of the ischemic pain. 
As shown in Figure I, time "to tolerance was signif
icantly shorter, and pain ratings were substantially 
higher on naloxone days than on saline days. It is 
also apparent that naloxone did not differentially 
affect ratings of disturbingness. The pattern of re
sults was, however, different for the two groups (see 
Figure 2). Whereas no significant differences be
tween naloxone and saline day scores were found for 
Group Sal-Nal, pain ratings and tolerance times were 
significantly different for Group Nal-Sal on the two 
experimental days. These conclusions are based on 
within-subject paired comparisons (naloxone day 
scores vs. saline day scores). It is also possible to 
make unpaired between-group comparisons of tol
erance times on Day 1, when half the subjects re
ceived naloxone and the other half received saline. 
However, because of high intersubject variability 
(tolerance times ranged from 60 to 1,200 sec), between
group differences were not significant, although they 
were substantial (mean tolerance time for subjects 
receiving naloxone = 537.8 sec; mean for subjects 
receiving saline = 786.4 sec, Figure 2a). (Even if 
variability had not been high, other between-group 
comparisons would not be valid. Pain ratings at se
lected times cannot be compared, because these times 
are based on each individual's tolerance time and 
are different between groups. Tolerance times and 



ratings for the two groups on Day 2 cannot be 
validly compared, because each group was treated 
differently on Day 1.) 

In addition, responses to the anxiety questionnaire 
administered prior to the first infusion on each ex
perimental day indicated that subjects who had re
ceived naloxone on Day 1 began the second experi-
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Figure 1. Mean scores for all subjeds (N = 14) from tbe iscb
emic pain procedure. "'Significant difference (p < .05, one-tailed), 
Wilcoxon matcbed pairs signed-ranks test. (1a) Time to tolerance 
on naloxone and saline days. (1b and Ie) Pain ratings at selected 
times based on eacb subject's time to tolerance ("T") on bis 
sborter trial. Tbe ratings were based on l00-point scales witb tbe 
following descriptors: Intensity-IO-weak, 3O-moderate, 5O-strong, 
70-intense, 90-extremely intense. Disturbing-l0-mild, 30-
discomforting, SO-distressing, 70-borrible, 90-excrudating, 
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Figure 1. Comparison of Group NaI-Sai witb Group SaI-Nai 
for iscbemic pain scores. Significant between-day differences were 
obtained for Group NaI-Sai only (p < .05, Wilcoxon matcbed
pairs signed-ranks, one-tailed). (1a) Time to tolerance. (1b and 1c) 
Pain intensity ratings at selected times (see Figure 1). Similar re
sults were obtained for disturbingness ratings (not sbown). 
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mental session with higher levels of anxiety than 
they had had at the beginning of the previous day, 
whereas subjects given saline infusions on Day 1 re
turned with reduced anxiety. These changes in initial 
anxiety levels were significantly different for the two 
groups (p < .05, Mann-Whitney U, one-tailed), sug
gesting that naloxone prevented habituation to the 
experimental context, and/or enhanced the forma
tion of a conditioned emotional response to situa
tional cues (cf. Ehrman, Josephson, Schull, & Sparich, 
1979, cited in Schull, 1979, pp. 75-77; Fanselow, 
in press). A similar pattern was seen in responses to 
the postpain questionnaire administered immediately 
following the ischemic trial. Subjects in both groups 
tended to report that their mood had gotten worse 
on naloxone days, and better on saline days. These 
differences in mood change were significant (p < .01, 
Wilcoxon matched-pairs, one-tailed) and again tended 
to be more pronounced in Group Nal-Sal. The 
Tension-Anxiety scale of the POMS yielded a related 
finding. From the beginning to the end of the saline 
sessions, both groups showed a large decrease in 
tension-anxiety, which differed significantly from 
the smaller decrease observed during naloxone ses
sions (p < .05, Mann-Whitney U, one-tailed). In 
fact, during the naloxone day, there was a small 
within-session increase in tension-anxiety for Group 
Nal-Sal. These results parallel Grevert and Goldstein's 
(1977) earlier findings, which they were subsequently 
unable to replicate (Grevert & Goldstein, 1978). 
Finally, in the retrospective interviews, we asked sub
jects to compare their overall experiences on the 2 
experimental days. Their responses indicated that 
the experience was worse on the naloxone day for 
every subject in Group Nal-Sal and for four of seven 
subjects in Group Sal-Nal (p < .05, chi-square test). 

DISCUSSION 

All of the data indicate that the naloxone day was 
considerably more aversive than the saline day for 
subjects in Group Nal-Sal. On the naloxone day, the 
subjects rated ischemic pain as being more aversive and 
terminated the ischemic trial earlier; immediately 
afterwards, they reported that their mood had gotten 
worse, and their anxiety scores, in fact, failed to 
drop off. They returned on Day 2 with higher levels 
of anxiety than they had evinced on Day 1. And they 
unanimously judged the overall Day 1 experience 
to be worse than the Day 2 experience. In contrast, 
the ratings and tolerance times of subjects in Group 
Sal-Nal were comparable on the 2 experimental days. 
Over the course of the experimental sessions, changes 
in mood and in anxiety on the saline and naloxone 
days were more similar for Group Sal-Nal than 
they were for Group Nal-Sal. And, finally, the Sal
Nal subjects were about as likely to deem the saline 
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day as more aversive than the naloxone day, as 
vice versa. 

It would be tempting to suggest, therefore, that, 
consistent with our intention of maximizing the 
novelty and aversiveness of the ischemic procedure 
on the first experimental day, naloxone had a larger 
effect on the group that received naloxone on that 
day. But this does not necessarily follow. Previous 
work has shown that the ischemia procedure tends 
to become less aversive with repeated exposure (e.g., 
Smith et aI., 1968; Von Graffenreid, 1978); there
fore, naloxone may have counteracted this tendency 
for Group Sal-Nal or exaggerated it for Group Nal
Sal, or both. To decide which of these possibili
ties was the case, a saline-saline group would be 
required to assess habituation to the ischemia pro
cedure in the experimental situation in the absence 
of naloxone. In any case, it is clear that naloxone 
did have a significant overall effect on ischemic pain 
ratings and tolerance times, and on anxiety and mood. 

These results raise the following questions. Why 
was cold pressor pain unaffected by naloxone, and 
why have other studies failed to demonstrate nal
oxone effects on ischemic pain? One possibility is 
that the naloxone infusion was not administered early 
enough for it to have an effect on cold pressor pain. 
However, naloxone antagonism of morphine effects 
is pronounced within 30-60 sec; the last 6 min of 
cold pressor pain should therefore have been suf
ficient for detection of the naloxone effect. Another 
possibility is that the cold pressor pain "primed" 
the endorphin systems, rendering them sensitive to 
receptor blockade, as revealed in the subsequent 
ischemic trial. However, Frid and Singer's (1979) and 
Grevert and Goldstein's (1977, 1978) studies sim
ilarly primed their ischemic pain trials with an earlier 
ischemic trial, but this apparently did not enhance 
sensitivity to naloxone (cf. Willer, Dehen, & Cambier, 
1981). It is more likely that the quality, neural sub
strates, and/or aversiveness of the two pain pro
cedures are importantly different. Subjects described 
cold pressor pain as sharp and intense, building 
rapidly for the first 60 to 90 sec and then dropping 
off steadily thereafter. In contrast, the ischemic pro
cedure was characterized as more disturbing than 
intense, producing a particularly unpleasant dis
coloration of the hand and a deep, dull ache which 
grew steadily worse as the trial progressed. Further
more, unlike the cold pressor procedure that was 
practiced on the orientation day, the ischemic pro
cedure was first experienced on Experimental Day 1, 
under considerably more anxiety-provoking condi
tions. Perhaps for all these reasons, the ischemic 
procedure was generally considered the more dis
turbing, and it may therefore have been more sensi
tive to opiate effects. The dual rating scales of in
tensity and disturbingness were intended to demon-

strate that opiate receptor blockade had a differential 
effect on the disturbingness of pain, but this finding 
was not obtained. Further analysis of the data 
(Schull, 1980/1981) revealed that subjects' ratings 
of intensity and disturbingness did not vary inde
pendently. In previous demonstrations of differential 
effects of drugs on sensory vs. affective pain ratings 
(Gracely et al., 1978), only one set of verbal de
scriptors was employed in a given experiment; in the 
present experiment, subjects were asked to switch 
from one scale to the other every 15 sec. It may 
be that it is difficult for subjects to change their 
mental "set" in this way, especially when the effect 
of the experimental drug is to exacerbate rather than 
reduce negative affect. Alternatively, it may simply 
be that naloxone does not have differential effects 
on motivational-emotional components of pain in 
humans. 

With regard to earlier findings that naloxone does 
not affect experimental pain in humans (EI-Sobky 
et al., 1976; Grevert & Goldstein, 1977, 1978; Volavka 
et aI., 1980), we suspect that those studies may have 
yielded largely negative results because, in the ab
sence of anxiety, experimental pain may be non
threatening and nondisturbing. There may be lit
tle endorphin activity to block, and, even if blocked, 
opiates have relatively little effect upon pain that is 
not disturbing. The literature on pain, anxiety, and 
opiates provides some support for this interpreta
tion. As mentioned earlier, it has been suggested that 
experimental pain, even when intense, is often less 
anxiety-provoking than pathological pain (Beecher, 
1959; Smith et al., 1968; Sternbach, 1968; Wolff 
et al., 1940). It has also been suggested that uncon
trolled variations in anxiety may be responsible for 
discrepant results in the experimental literature on 
pain and analgesia (Sternbach, 1968; Von Graffenreid 
et al., 1978). Anxiety is known to make experimental 
pain more aversive and more sensitive to opiate an
algesia (Hill et aI., 1951, 1952a, 1952b, 1955). Fur
thermore, anti-anxiety drugs have been shown to 
prolong tolerance times (Chapman et al., 1973) and 
to reduce affective, but not sens9ry, ratings of pain 
stimuli (Gracely et al., 1978; but cf. Gracely, Dubner, 
& McGrath, 1979). The importance of such psycho
logical factors in pain experiments agrees well with 
clinical reports. Patients with pathological pain often 
claim that morphine reduces the disturbingness of 
the pain (to which anxiety can be an important con
tributor) but not its intensity (Hardy,. Wolff, & 
Goodell, 1952; Levine et al., 1978; Mansky, 1978), 
and morphine may be an effective anti-anxiety agent 
in its own right (Davis, 1979; Hill et aI., 1955). It 
may therefore be that experimental pain must be 
sufficiently disturbing if it is to be sensitive to opiate 
effects. 

There are also data suggesting that similar factors 



are important in understanding the activity of en
dogenous opioid systems. In humans, brain
stimulation-induced analgesia (which appears to be 
mediated by endorphins) is greater for pathological 
pain than for experimental pain (Akil, Mayer, & 
Liebeskind, 1976; Akil, Richardson, Hughes, & 
Barchas, 1978; Hosobuchi, Adams, & Linchitz, 1977; 
cf. Woolf, 1979). In animal studies, naloxone ap
pears to have larger effects upon behaviors that 
reflect emotional rather than reflexive reactions to 
nociceptive stimulation (Amir & Amit, 1978, 1979; 
Ehrman et al., cited in Schull, 1979). Moreover, it 
is possible that anxiety can stimulate endorphin 
activity: animal studies suggest that endogenous 
opioid systems can be activated by stress (Amir & 
Amit, 1978; Bolles & Fanselow, 1980; Maier et al., 
in press; Roth, Katz, Schmaltz, & Sibel, 1981; Schull, 
1979) and by fear (Bolles & Fanselow, 1980; Fanselow, 
in press; Fanselow & Bolles, 1979; Schull, 1979). 
The same may be true of humans (cf. Frid et al., 
1979; Willer et al., 1981). 

In the present experiment, the novelty of the isch
emic pain tests on Day 1, our use of the tolerance 
procedure, the subject's expectation that the pain 
might at some point become "unbearable," the iso
lation of the subject in the experimental chamber, 
and the minimization and formalization of verbal 
interaction, may all have interacted critically with 
the endogenous opiate systems. Of course, this in
terpretation of our results must remain tentative un
til the anxiety hypothesis is directly tested in an ex
periment which manipulates levels of anxiety while 
assessing the effect of opiate receptor blockade. 
However, we suspect that the social and psycho
logical conditions of pain perception play an im
portant role in determining the organism's physio
logical responses to nociceptive and pharmacological 
stimuli. It may well be that even if one's goal is to 
understand the physiological mechanisms of pain 
and other psychological states, it will be necessary 
to investigate the sociopsychological conditions of 
their operation. 
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