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Abstract

The analgesia produced by combinations of low-dose naloxone
with pentazocine or morphine was studied in 105 patients with
moderately severe postoperative pain after standardized sur-

gery for removal of impacted third molars. Pain intensity was

quantified using a visual-analogue scale. To eliminate the re-

lease of endogenous opioids produced by the placebo compo-

nent of open drug administration, all injections were made by a

preprogrammed infusion pump. The analgesia produced by
pentazocine, an agonist-antagonist opiate-analgesic acting pre-

dominantly at the kappa opiate receptor, was potentiated by
low-dose naloxone, whereas the analgesia produced by mor-

phine, a mu-agonist, was attenuated by low-dose naloxone. To
evaluate whether similar potentiation would be present in an

animal model, and specifically, in the absence of diazepam,
which patients receive, we performed an analogous experiment
in rats in which nociceptive threshold was determined using the
Randall-Selitto paw-withdrawal test. The results were com-

pletely analogous to the clinical results: pentazocine analgesia
was potentiated by low-dose naloxone, whereas morphine an-

algesia was attenuated by low-dose naloxone. These data dem-
onstrate a novel interaction between opiates, and suggest a

rationale for opiate combinations to produce potent analgesia
with fewer autonomic side effects and less abuse potential than
presently available analgesics.

Introduction

The opiate-antagonist naloxone, administered at high doses,
increases pain when administered in the presence of opiate-
analgesics or under conditions when endorphins are probably
released (1-4). Whenadministered at low doses, however, nal-
oxone produces analgesia in humans (3-5) and raises nocicep-
tive thresholds in animals (6-8). Although of low potency,
naloxone has valuable features that would make it an "ideal"
analgesic. It does not produce the commonside effects that are

present with other opiate analgesics (mental obtundation, car-

diovascular and respiratory depression, constipation, and dys-
phoria) (9), and it has low abuse and addiction potential (9).

Since it is stereospecific, the increase in pain produced by
naloxone is thought to be due to its antagonism of endogenous
opioid-peptide interactions with opiate receptors (10). The
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mechanism underlying low-dose naloxone analgesia, however,
is unknown. That low-dose naloxone produces analgesia by an
unusual mechanism is suggested by the fact that the biphasic
dose-dependent relationship of its effect on pain does not re-
semble the dose-dependent relationship of any other opiate
analgesic; i.e., no other opiate produces analgesia only at low
doses.

Opiate agonists produce analgesia by acting at one or more
receptors (i.e., mu, kappa, and delta) (1 1-13). A single opiate
administered simultaneously at different sites in the central
nervous system can synergize to produce greater analgesia ( 14,
15). Since naloxone is believed to interact with opiate recep-
tors (i.e., it produces hyperalgesia at high doses) we hypothe-
sized that low-dose naloxone might be able to potentiate the
analgesia of other opiates. Wereport that the analgesia pro-
duced by pentazocine, an agonist-antagonist opiate-analgesic
acting predominantly at the kappa opiate receptor (16, 17), is
potentiated by low-dose naloxone, whereas the analgesia pro-
duced by morphine, an agonist opiate-analgesic at the mu
opiate receptor, is attenuated by low-dose naloxone. Further-
more, we report that this interaction exists in a standard ani-
mal model.

Methods

105 patients underwent standardized surgery for the removal of im-
pacted third molars after premedication with intravenous diazepam.
The surgical procedure and the visual-analogue scale used for measur-
ing pain have been described in detail elsewhere (18). During surgery,
nitrous oxide and local anesthesia (carbocaine without vasoconstric-
tor) were used. The duration of the surgery and experiment, measured
from the onset of local anesthesia, was 55 h.

After surgery, each patient was randomly assigned to receive, via an
indwelling intravenous line, a double-blind injection of either vehicle,
0.4 mg low-dose naloxone, 8 or 15 mgmorphine, 60 mgpentazocine,
0.4 mg low-dose naloxone with 8 mg morphine, or 0.4 mg low-dose
naloxone with 60 mgpentazocine. All injections were made by a pre-
programmed infusion pump. This method of drug administration
eliminates the release of endogenous opioids produced by the placebo
component of open drug administration (15). The time of substance
administration was varied randomly between 1 h and 20 min and 2 h
(average, 1 h and 40 min) after the onset of anesthesia and was the
same for all groups of patients.

Since baseline pain levels (Fig. 1) did not differ significantly among
the seven experimental groups (F[6,98] = 0.6, NS), the magnitude of
the analgesic effect of each intervention was defined as the change from
the pain intensity before drug administration to 50 min (peak analge-
sia) and to 3 h and 10 min (end of experiments after administration of
a drug or combination of two drugs). Magnitudes of analgesic effect for
the various drug treatments were compared using Neuman-Keuls' post
hoc comparison (19) after analysis of variance, which demonstrated
significant difference between the groups both at 50 min (F[ 1,6]
- 10.8, P < 0.0001) and at 3 h and Omin (F(1,6) = 4.0, P < 0.01).

Mechanical nociceptive thresholds were measured in 250-300-g
male Sprague-Dawley rats (Bantin & Kingman, Fremont, CA) using a
Basile analgesymeter (Stoelting Co., Chicago, IL), which generates a
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linearly increasing mechanical force that is applied by a conical piece
of plastic with a dome-shaped tip, on the dorsal surface of the rat's
hindpaw (20, 21). The nociceptive threshold is defined as the force in
grams at which the rat withdraws its paw. The rats were trained in this
procedure for 2 h daily in the week before experimentation. On the day
of the experiment, the rats were exposed to the test stimulus at 5-min
intervals for 2 h before the measurement of baseline thresholds. The
baseline threshold was defined as the mean of the last six determina-
tions. Rats were then injected with graded subcutaneous doses of
opioid, or opioid combinations. Vehicle injection has been shown to
have no effect (20, 21). The nociceptive thresholds were remeasured 20
min after this injection. Since baseline nociceptive thresholds did not
differ significantly among the seven experimental groups (F[6,1 10]
= 1.75, NS), the magnitude of the analgesic effect of each intervention
was defined as the percentage change from the pain intensity before
drug administration to 20 min (the time of peak analgesia) after ad-
ministration of the drug or drug combination. Post hoc comparisons of
the analgesic effects of the various treatments were based on a multiple
stage F test (22) after an analysis of variance that demonstrated a
significant difference between the groups (F[6, 1 10] = 6.4, P < 0.0001).

Results

Clinical studies. The mean pain intensity, measured 50 min
after injections, was increased in the group receiving vehicle
(Fig. 1 A). Compared with this control group, mean pain in-
tensity was decreased in groups that received either morphine
(8 and 15 mg) (P < 0.05 and P < 0.01, respectively) or penta-
zocine (60 mg; P < 0.05) as a single agent. To study the inter-
action between low-dose naloxone and the two opiate analge-
sics, the groups receiving low-dose naloxone combined with
either morphine or pentazocine were compared with the
groups receiving each member of the combination adminis-
tered alone, as well as to the group receiving high-dose (15 mg)
morphine. The combination of low-dose naloxone and penta-

zocine produced significantly greater analgesia than either
low-dose naloxone (P < 0.01), pentazocine (P < 0.01), or even
high-dose morphine administered alone (P < 0.01). The com-
bination of low-dose naloxone and 8 mgmorphine, however,
produced less analgesia when compared with the same dose of
morphine alone (P < 0.05) or with high-dose morphine (P
< 0.01) but not when compared with low-dose naloxone ad-
ministered alone.

Compared with the control group, the mean pain intensity
measured at 3 h and 10 min after injection of single analgesic
agents was not significantly decreased (Fig. 1 B). In addition,
the analgesia produced by the combination of low-dose nalox-
one and 8 mg morphine did not differ significantly from the
analgesia produced by the same dose of morphine. The combi-
nation of low-dose naloxone and pentazocine, however, con-
tinued to produce significant analgesia when compared with
either agent alone (both P < 0.01). That is, by 3 h and 10 min
after injection only the group of patients receiving low-dose
naloxone plus pentazocine still reported significant analgesia.

Animal studies. To address the possibility, raised during
the review process, that an interaction with diazepam was re-

sponsible for the results, we performed an analogous experi-
ment in rats in which diazepam could be omitted.

Naloxone produced a biphasic dose-dependent analgesia.
At low doses (50 ng/kg, 500 ng/kg, and 5 gg/kg) naloxone
produced analgesia; this disappeared when naloxone doses
were increased to 50 ,gg/kg and 500 ug/kg (Fig. 2 A). Pentazo-
cine and morphine both produced dose-dependent analgesia
(Fig. 2, B and C).

When administered in combinations, 50 ng naloxone,
which by itself produced a 9.2±3.5% (n = 9) increase in noci-
ceptive threshold, significantly reduced the analgesia produced
by 1 mgmorphine (from 34.7±12.6% (n = I 1) to 13.8±2.9% (n
= 19; P < 0.05) (Fig. 3). On the other hand, the same dose of
naloxone, when given in combination with a 5-Ag dose of
pentazocine, which by itself produces an increase in nocicep-
tive threshold of 24.8±3.0% (n = 23), produces a resultant
increase in threshold of 53.1±7.9% (n = 10). This is signifi-
cantly greater than either agent alone (P < 0.01 and P < 0.01,
respectively) and even greater than the effect of a 10-fold-
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higher dose of pentazocine (50 jig, 30.9±4.1, n = 23, P < 0.05)
or naloxone (500 ng, 15.9±3.5%, n = 22, P < 0.01).

Discussion

In this study, we have evaluated the analgesic effect resulting
from the administration of a low dose of the opiate-antagonist
naloxone along with two opiate agonists, morphine (a mu
type) and pentazocine (a kappa type), to patients with postop-
erative pain and to animals during nociceptive threshold test-
ing. Since naloxone is a potent antagonist of the mu-type
opiate receptor, at which morphine acts to produce analgesia,
the observed antagonism of morphine analgesia by naloxone
was expected. However, pentazocine and low-dose naloxone
unpredictably produced a more potent and prolonged analge-
sia than either drug alone. This analgesia was, in fact, signifi-
cantly greater than that produced by high-dose morphine,
even though kappa-agonists such as pentazocine are less po-
tent than mu-agonists such as morphine, and produce analge-
sia of shorter duration (23, 24). Since the half-life of naloxone
in humans is only 60 min (25), the prolonged (up to 3 h)
analgesia produced by low-dose naloxone plus pentazocine in
humans suggests that significantly lower doses of naloxone
than those employed in this study may be sufficient to poten-
tiate pentazocine analgesia. The finding of a marked potentia-
tion of pentazocine analgesia by low-dose naloxone is clini-
cally significant. This combination might allow adequate pain
control with fewer autonomic side effects and abuse potential
than occurs with presently available treatments.

Patients received intravenous diazepam at the time of sur-
gery. Although there appeared to be no residual sedative effect
at the time of analgesic administration (- 2 h later), an inter-
action with diazepam could not be excluded as a confounding
factor in the synergy between pentazocine and low-dose nalox-
one, due to its long pharmacological half-life. For ethical rea-
sons our dental protocol requires the use of a preoperative
sedative. Animal studies were therefore performed to address

this issue. Potentiation of pentazocine analgesia and antago-
nism of morphine analgesia by low-dose naloxone was seen in
awake restrained rats who received no diazepam. A compara-
ble synergy in another animal model has also been recently
reported for naloxone and another agonist-antagonist, bu-
prenorphine (26). It is reasonable, therefore, to assume
that our clinical results were not due to an interaction with
diazepam.

Although potent opiate synergism has been described pre-
viously, e.g., when morphine has been simultaneously injected
into both the intrathecal and intracerebroventricular spaces
(14, 15), the synergism that has been reported for combina-
tions of opiate agonists and antagonists (26) is not well under-
stood. A possible explanation for the potentiation of pentazo-
cine analgesia by low-dose naloxone would be the presence of
positive cooperativity between specific binding sites for nalox-
one and pentazocine. There is a precedent for this. Positive
cooperativity has been demonstrated for interactions between
two binding sites for the same opiate (27, 28) for muand delta
binding sites in vitro (29) and for mu- and delta-mediated
analgesia in vivo (30-32).

In summary, this study has demonstrated a marked anal-
gesia, more potent than that of high-dose morphine, produced
by the combination of low-dose naloxone and pentazocine.
This finding is of considerable experimental as well as clinical
importance since it demonstrates a novel, potent interaction
between different opiates as well as a rationale for new opiate
combinations that produce profound analgesia.
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