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HENDRIE, C. A. Naloxone-sensitive hyperalgesia follows analgesia induced by morphine and environmental stimulation.
PHARMACOL BIOCHEM BEHAYV 32(4) 961-966, 1989. —Manipuiations of attack parameters in murine agonistic encounters have
shown that moderate attack terminating at the first unambiguous display of the upright submissive posture results in nonopioid
analgesia. By contrast, attack continuing significantly beyond this behavioural marker results in decreases in nociception mediated by
opioidergic mechanisms. However, these effects have only been demonstrated immediately upon termination of encounters. As such,
little is known of the influences of agonistic encounters on nociceptive responding beyond this. Tail-flick latencies of male DBA/2 mice
that had been exposed to opioid activating attack parameters were established at 15-minute intervals up to 90 min postattack. Data
suggest the existence of at least two distinct phases in nociceptive responding with 1) analgesia being evident in the early phase (0-45
min) and 2) short-lasting (detectable only at 75 min postattack) hyperalgesia in the late phase. Further studies revealed both of these
effects to be reversed by low (1-10 mg/kg) doses of naloxone. Interestingly, alterations in responsivity to noxious stimulation
postmorphine (1-20 mg/kg) administration followed a similar pattern, with analgesia being detectable 0-2 hr and hyperalgesia being
evident at 4 hr postinjection of either 10 or 20 mg/kg morphine. However, only the hyperalgesia induced by 20 mg/kg morphine was
reversed by 10 but not 1 mg/kg naloxone. These data together suggest a relationship between the dose of morphine required to induce
hyperalgesia and the amount of naloxone needed to reverse this response. The naloxone-reversibility of postencounter or
morphine-induced hyperalgesia suggests that these effects are not a consequence of the absence of opiates/opioids per se. Rather,
current data indicate these hyperalgesias to be mediated by the actions of a ligand acting upon opiate receptor mechanisms to produce
effects opposite to those of traditional agonists. Current data do not allow firm conclusions to be drawn concerning the identity of this
putative ligand, however, evidence does suggest that ACTH has many of the properties that such an opioid inverse agonist may be
expected to possess.
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FOR well over a decade now, evidence has been amassing to
suggest the existence of potent endogenous analgesia mechanisms.
Further, as our understanding of this area has increased it has
become apparent that such an analgesic system is multidimen-
sional. For example, relatively minor alterations in stimulus
parameters can induce analgesias that are differentially naloxone-
sensitive, cross-tolerant with morphine and have variable time-
courses. These have now been classified into hormonal or neural
opioid or nonopioid (24,25).

Studies using more ‘naturalistic’ stimuli such as those that may
be present within a resident-intruder paradigm have shown to a
large extent that the various forms of analgesia outlined above may
be demonstrated in response to the attentions of an aggressive
conspecific. Exposure to a resident for 10 min (16) or to a specific
number of attack bites (12,22) have been shown to activate
central, opioid-mediated analgesia mechanisms. Interestingly, these

variations in encounter criterion both involve attack continuing
beyond the display of the upright submissive posture and it has
been suggested that ‘‘loss of control’” over the source of aversive
stimulation (in this case, attack bites ensuing from the resident
animal) may be of prime psychological importance for the display
of opioid-mediated analgesias (16).

When encounters are terminated upon the first unequivocal
display of the upright submissive posture, analgesia of a nonopioid
form is induced (18). Further, this class of environmentally-
induced analgesia is relatively short-lasting (<10 min) compared
to the opioid form, whose duration is in the order of 45-60 min
(17). Thus, whilst it has not as yet proved possible to determine
with certainty the neural or hormonal mediation of these re-
sponses, they may be minimally differentiated into central or
peripheral opioid and nonopioid. It is further apparent that whilst
the nonopioid analgesia is precedent in temporal terms it is not an
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FIG. 1. Time course of agonistic encounter-induced alterations in nociception. Data are
expressed as mean TFLs. The broken line indicates control responding, whilst the solid
line represents the TFLs of male DBA/2 mice exposed to 35 attack bites beyond the first
unambiguous display of the upright submissive posture. Analysis of the time course of
nociceptive responding revealed the existence of at least two distinct phases, with
analgesia being evident at 15 min and hyperalgesia at 75 min postencounter. See text for

further details. **p<<0.01; *p<<0.05.

essential prerequisite for the expression of the opioid form (19).

To date, whilst much is known concerning the substrates
mediating, and the stimulus parameters required to activate en-
dogenous analgesia mechanisms, little is currently known con-
cerning the adaptive significance of these responses. It has been
suggested that the nonopioid form may be of benefit to an animal
in situations where danger has been signalled through olfaction or
some other means and where escape from that threat is possible
(19). The opioid form, on the other hand, would confer advantage
to an animal which is actively involved in defending itself from
predatory or conspecific attack. In such a situation it would be
clearly maladaptive for an animal to heed scratches and/or wounds
incurred whilst engaging in what may potentially be a life or death
struggle. Conversely, however, the perception of pain would be of
advantage following such a situation, possibly stimulating recu-
perative behaviours (3). On the basis of this model it may be
predicted that exposure to opioid-activating environmental stimuli
would induce biphasic alterations in nociception with analgesia
being evident in the first instance possibly followed by hyperal-
gesia. The following studies were designed in order to investigate
this possibility further.

GENERAL METHOD
Animals

Twenty-five to 35 gram male DBA/2 mice (Bantin and King-
man, Hull, UK) were used. Animals were housed in groups of 10
(cage size 45x28x 13 cm) in a temperature-controlled room
(242 1°C) under 12-hr reversed light/dark cycle (lights off 0900
hr) with food and water available ad lib. Individually housed (cage
size 33 X 15 X 13 cm) male BKW (Bradford University Breeding
Colony) maintained under the same housing conditions as above
were also employed.

Apparatus

Nociception was measured using the tail-flick assay (Socrel

Tail Flick Unit, Ugo Basile, Italy) with animals being hand-held
and a single measure taken at each test point. Temperature was
adjusted to give control latencies in the order of 3-4 sec using a
cut-off of 8 seconds. These settings were chosen on the basis of
pilot studies as being appropriate for the detection of both
increases and decreases in pain sensitivity.

Social Encounters

DBA/2 mice were, in a standard resident-intruder paradigm,
introduced into the home cage of a BKW. In instances where
DBA/2s were attacked, the encounter was terminated upon the
first unambiguous display of the upright submissive posture [as
described in (6) and illustrated for the B6AF,/J strain in (13)] plus
a further 35 bite attacks (attacked). These parameters were chosen
as they had been previously shown to be the minimum criterion for
the reliable induction of opioid-mediated analgesia (17,19). In
instances where DBA/2 mice were not attacked these animals
remained in the home cage of a BKW for a time equivalent to that
required for attacked animals to reach criterion (nonattacked).

Drugs

Morphine sulphate and naloxone hydrochloride (Sigma, UK)
were dissolved in 0.9% saline, which alone served as vehicle
control. Injections were performed intraperitoneally in a volume of
10 ml/kg.

Procedure

All testing took place under dim red light during the mid-
portion of the dark phase of the LD cycle. Prior to the start of
experimentation animals were introduced into the laboratory
environment and habituated for 1 hour. Following this period
tail-flick latencies (TFL) were established for all animals (baseline
or pre) except in the case of Experiment 4.
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EXPERIMENT 1

For this study baseline TFLs were established, whereupon
DBA/2 mice were placed into the home cage of a resident BKW
which had been earlier screened to establish its aggressivity. On
this basis, 10 DBA/2 were assigned to the nonattacked condition
and 10 to the attacked. On no occasion was an attack observed on
an animal in the nonattacked group. Following exposure to attack,
or when time criteria had been reached, TFLs were established for
all animals at 15, 45, 60, 75 and 90 minutes postencounter. TFLs
were not established at 30 min in view of the evidence discussed
above suggesting encounter-induced analgesias to have durations
of <10 min or >45 min. Results from this study are presented
in Fig. 1.

Two-factor Analysis of Variance (Factor A: attack condition,
attacked or nonattacked: Factor B: time, pre, 15, 45, 60, 75 or 90
min postencounter) revealed significant effects of time, F(5,90)=
9.17, p<0.01, and a significant attack condition/time interaction,
F(5,90)=5.67, p<0.01. Follow-up orthogonal contrasts revealed
these effects to be due to significant analgesia in the attacked
condition (as compared to the nonattacked group) at 15 min
postattack, F(1,18)=6.9, p<<0.01, and significant HYPERalgesia
in these same animals at 75 min postattack, F(1,18)=4.51,
p<0.05. These data indicate that exposure to extended attack
produces at least two distinct phases in nociceptive responding,
early postattack analgesia followed by an hyperalgesic reaction
some time after this form of environmentally-induced analgesia
has dissipated.

EXPERIMENT 2

In view of the suggested involvement of endogenous opioids in
the mediation of extended attack-induced analgesia (12,16), the
following investigation was conducted to examine the possible
role of opioid mechanisms in the mediation of extended attack-
induced hyperaigesia.

For this investigation DBA/2 mice were exposed to the same
attack parameters as described above. Following this procedure
animals were assigned in randomised-counterbalanced order to
receive either saline, 1 or 10 mg/kg naloxone with injections being
given immediately or 1 hr postencounter and TFLs established 10
minutes after that. In all, there were six treatment combinations
(saline, 1 or 10 mg/kg naloxone; TFL at 10 or 70 min postencoun-
ter; n= 8/gp). Results from this study are presented in Fig. 2.

Three-factor ANOVA (Factor A: postattack period, 10 or 70
min postencounter; Factor B: drug condition, saline, 1 or 10
mg/kg; Factor C: time, pre or postencounter, repeated measures on
last factor) revealed significant effects of postattack period,
F(1,42)=4.76, p<<0.05, drug condition, F(2,42)=3.32, p<0.05,
and a significant postattack period/drug condition interaction,
F(2,42)=6.51, p<<0.01. There were further significant interac-
tions between postattack period and time, F(1,42)=9.72, p<<0.01,
drug condition and time, F(2,42)=4.24, p<<0.025, and a signif-
icant postattack period/drug condition/time interaction, F(2,42) =
8.26, p<0.01.

Further detailed analyses using Dunnett’s ¢ revealed these
effects to be due to significant analgesia in saline-treated animals
tested 10 min postencounter, #(42)=6.7, p<0.001, and in mice
given 1 mg/kg naloxone tested at the same time point, #42)=
3.39, p<<0.01. The absence of an analgesic reaction in animals
treated with 10 mg/kg naloxone, #(42)=1.44, ns, suggests that
postencounter analgesia is blocked by pretreatment with this opiate
antagonist.

Other effects were found to be due to significant hyperalgesia
in saline-treated animals tail-flicked at 70 min postencounter,
H42)=3.41, p<<0.01, an effect not seen in mice administered with
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FIG. 2. Effects of naloxone on agonistic encounter-induced analgesia and
hyperalgesia. Data are presented as mean TFLs. Open bars indicate
baseline and filled bars represent postencounter measures. Analysis of
these data indicated the analgesic response evident at 10 min postextended
attack (PEA) to be reversed by 10 mg/kg naloxone, whilst the hyperalgesia
observed at 70 min PEA was antagonised by 1 and 10 mg/kg. These data
suggest these postencounter alterations in nociception to be mediated by
substrates acting at opiate receptor mechanisms. See text for further
details. **p<<0.01. *p<<0.05.

1, (42)=2.3, ns, or 10 mg/kg naloxone, #(42)=0.92, ns, tested
at the same time point. These data indicate the possible involve-
ment of opioid mechanisms in the mediation of encounter-induced
hyperalgesia.

EXPERIMENT 3

As several parallels exist between the actions of endogenous
opicids and exogenous opiates, such as morphine, this study was
performed to investigate whether hyperalgesia could be observed
postopiate administration. Following the establishment of baseline
TFLs, DBA/2 mice were randomly assigned in counterbalanced
order to receive saline, 1, 5, 10 or 20 mg/kg morphine with TFLs
again being assessed at 1, 2, 3, 4, 5 and 6 hr postinjection
(n=9/10/gp). Data from this study are summarized in Fig. 3.

Two-factor ANOVA (Factor A: drug condition, 0, 1, 5, 10 or
20 mg/kg morphine; Factor B: time, baseline, 1, 2, 3,4, 5or 6 hr
postinjection, repeated measures on last factor) revealed signifi-
cant effects of drug condition, F(4,44)=7.58, p<<0.01, significant
effects of time, F(6,264)=33.05, p<0.01, and a significant
drug/time interaction, F(24,264)=8.34, p<<0.01. Further, more
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FIG. 3. Time course of alterations in nociception induced by morphine.
Data are expressed as mean TFLs. The broken line represents saline-
treated control values. Solid lines indicate TFLs of morphine-treated
animals. One mg/kg morphine failed to significantly influence pain
sensitivity. With 5 mg/kg morphine there was significant analgesia at 1 hr
and a trend towards hyperalgesia between 4-5 hr postinjection. Ten and 20
mg/kg morphine both induced analgesia at 1 hr and significant hyperalge-
sia at 4 hr postadministration. These data indicate there to be at least two
distinct phases in nociceptive responding following morphine injection and
further suggest these effects to be dose-dependent. *p<<0.05 from saline
control at the same time point; +p<<0.05 from baseline (pre) assessments.

detailed analyses using single factor ANOVA, orthogonal con-
trasts and Dunnett’s ¢ revealed these effects to be due to significant
analgesia at 1 hr postinjection in 5, F(1,44)=4.3, p<<0.05, 10,
F(1,44)=23.04, p<0.01, and 20 mg/kg, F(1,44)=33.69,
p<0.01, morphine-treated animals. Additional effects were found
to be due to significant hyperalgesia at 4 hr postinjection in
animals treated with 10, #(44)=3.8, p<<0.05, 20 mg/kg, #H44)=
2.7, p<0.05. Whilst animals treated with 5 mg/kg morphine did
show a trend towards hyperalgesia at 4 hr postinjection, this did
not reach significance, #(44)=1.96, ns. These data together,
clearly demonstrate that morphine analgesia is followed by a
period of hyperalgesia 4 hr postopiate injection and further suggest
that this latter effect may be dose-dependent.

EXPERIMENT 4

In a manner directly analogous to Experiment 2, the following
investigation was designed to examine the role of naloxone-
sensitive opioid/opiate mechanisms in the mediation of morphine-
induced hyperalgesia. For this study DBA/2 mice were assigned in
randomised-counterbalanced order to receive saline, 5, 10 or 20
mg/kg morphine (MS). Following injection animals were left
undisturbed for 3 hr 50 min and administered also in randomised
counterbalanced order with saline, 1 or 10 mg/kg naloxone (NX).
TFLs were established 10 min post final injection. In all, there
were 12 treatment combinations (saline, 5, 10 or 20 mg/kg
morphine followed by saline, 1 or 10 mg/kg naloxone n=_8/9/gp).
Data from Experiment 4 are summarised in Fig. 4.

Two-factor ANOVA (Factor A: First treatment; saline, 5, 10 or
20 mg/kg morphine; Factor B: Second treatment; saline, 1 or 10
mg/kg naloxone) failed to reveal any effects of first treatment,
F(3,84)=1.003, ns, second treatment, F(2,84)=1.52, ns, or any
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first treatment/second treatment interaction, F(6,84)=1.82, ns.
However, in view of the experimental design involving antago-
nism studies, where a priori most groups may be expected not to
differ from each other, follow-up tests were performed using
orthogonal contrasts and Dunnett’s ¢.

These more detailed analyses revealed significant effects amongst
the saline second treatment group where those animals receiving 5,
#84)=2.5, p<0.05, 10, #(84)=2.2, p<0.05, or 20 mg/kg,
#(84)=2.9, p<<0.05, MS as first treatment all had significantly
lower TFLs than those animals receiving saline as first treatment
indicating the induction of hyperalgesia as a consequence of
morphine administration. The naloxone sensitivity of this phenom-
enon is suggested by the lack of hyperalgesia as compared to
saline/saline control, saline/NX 1 or saline/NX 10 mg/kg in any of
the remaining morphine first treatment groups. However, the
results are somewhat confounded by the trend towards hyperalge-
sia in the saline/NX 1 and saline/NX 10 mg/kg groups. Although
these differences did not reach significance, #(84)=1.67, ns and
1(84)=1.37, ns, respectively, these data question the utility of
within treatments comparisons (i.e., saline/NX 1 mg/kg with MS
5 mg/kg/NX | mg/kg and MS 10 mg/kg/NX 1 mg/kg, etc.).
Therefore, between treatments comparisons were used. These
analyses revealed that the TFLs of mice treated with MS 5 or 10
mg/kg as first treatment and saline as second treatment did not
differ significantly from those animals receiving MS 5 or 10 mg/kg
followed by NX 1 or NX 10 mg/kg. Therefore, as these pain
latencies did not differ it is difficult to interpret the lack of within
groups effects in these treatment combinations as antagonism of
morphine-induced hyperalgesia. However, the TFLs of animals
receiving MS 20 mg/kg followed by 10 mg/kg NX were signifi-
cantly greater than those in the MS 20/saline condition, F(1,84) =
5.14, p<<0.05, indicating that in this group at least, that this form
of hyperalgesia is antagonised by opiate antagonists. These find-
ings further indicate a relationship between the dose of morphine
required to induce hyperalgesia and the amount of naloxone
required to reverse this effect.

GENERAL DISCUSSION

Current data indicate that exposure to opioid activating envi-
ronmental stimuli induces at least two distinct phases in subse-
quent responsivity to noxious stimulation. The early postexposure
phase is characterised by analgesia whilst the later phase is
associated with hyperalgesia. Both these phenomena are naloxone-
reversible. These findings clearly indicate that alterations in
nociceptive responding as a consequence of exposure to ‘natural-
istic’ environmental stimuli depend upon not only the attack
parameters employed, but temporal considerations also. Thus, the
known sequence of events associated with exposure to an aggres-
sive conspecific is 1) short-lasting (<10 min) nonopioid analgesia
activated by residents’ scent and moderate attack up to and
including the first display of the upright submissive posture (17);
2) somewhat longer lasting (45-60 min) opioid-mediated analgesia
induced as a consequence of exposure to encounters continuing
beyond the first display of the upright submissive posture (12, 16,
17, 22), which may be associated with the ineffectiveness of the
attacked animals social postures in reducing the severity of further
attack or the ‘‘uncontrollability’’ of such stimuli (16); and 3) as
indicated by present data, the onset of short-lasting hyperalgesia,
mediated by naloxone-sensitive opioid-receptor systems. which is
apparent in the late postattack period.

Interestingly, morphine administration appears to mimic the
actions of endogenous opioids such that morphine-induced anal-
gesia is also followed by a period of increased responsivity to
noxious stimulation. It is, as yet, unclear as to whether analgesia
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FIG. 4. Effects of naloxone on morphine-induced hyperalgesia. Data are presented as mean TFLs.
Animals were treated with morphine (0-20 mg/kg) left undisturbed for 3 hr 50 min, injected with
naloxone (0-10 mg/kg) and assayed for TFL at 4 hr postmorphine administration. Analysis revealed
there to be significant hyperalgesia in DBA/2 mice treated with 5-20 mg/kg morphine followed by
saline. These effects were apparently reversed by naloxone 1 and 10 mg/kg. However, between group
comparisons revealed only the TFLs of animals treated with 20 mg/kg morphine followed by 10 mg/kg
naloxone to be significantly greater than appropriate morphine/saline controls. Therefore, it is only in
this former group that morphine-induced hyperalgesia may be viewed as being unequivocally reversed
by naloxone. Nonetheless, these data do suggest morphine-induced hyperalgesia to be mediated by
substrates acting at opiate receptors. They further suggest a relationship between the dose of morphine
required to induce hyperalgesia and the amount of naloxone needed to reverse it. See text for further
details. ***p<<0.001; **p<<0.01; *p<<0.05; +p<0.05 from 20 mg/kg morphine/saline.

is an essential prerequisite for the onset of the hyperalgesia phase
and current data do not allow firm conclusions to be drawn.
However, animals treated with subanalgesic doses of morphine
also fail to display hyperalgesia at 4 hr postinjection, whilst those
treated with larger doses display both. The minimum effective
dose of morphine for the expression of hyperalgesia under present
experimental conditions appears to be within the order of 5-10
mg/kg as the lowest dose in this range produces significant
analgesia yet only a trend towards hyperalgesia. These findings
confirm and extend previous reports of hyperalgesia in rats up at
1-2 hr postmorphine administration (10). Further, in view of the
ability of opiate antagonists to reverse this effect, current data
allow the possibility that these forms of hyperalgesia are due to an
effect of the absence of opioids/opiate per se to be dismissed. The
naloxone reversibility of morphine-induced hyperalgesia under
present circumstances is not as clear as in the case of environmen-
tally-induced increases in nociception, as only hyperalgesia in-
duced by the highest dose of morphine used was unequivocally
antagonised by 10 mg/kg naloxone. Nonetheless, these data do
suggest the involvement of opiate receptor mechanisms in the
mediation of this response.

Doses of naloxone within the current range are usually held to
be without significant intrinsic activity (20). However, where they
have been found to induce alterations in nociception these have
been in the direction of hyperalgesia, which has been viewed as
being an artefact of the utilization of test situations which
unintentionally activate endogenous opioid analgesia mechanisms
(5). Therefore, it seems unlikely that the reversal of hyperalgesia
by naloxone under present test conditions is due to an intrinsic
effect of this antagonist per se, but rather that it is acting to
attenuate the influence of an endogenous hyperalgesic ligand.

In this context, several groups have suggested the existence of
an endogenous ‘‘opioid inverse agonist’’ (1, 2, 7) that is a ligand
that, whilst acting upon opiate receptor mechanisms, induces
functional consequences opposite to those normally ascribed to
traditional opiate agonists. More specifically, adrenocorticotropin
(ACTH) has been considered to be a prime candidate for this role
in view of its close association with P-endorphin in terms of
biosynthesis, distribution (15), their mutually antagonistic inter-
actions (1, 2, 21) and the ability of naloxone to reverse many
ACTH-induced effects (2, 4, 9).

Whilst these findings are suggestive of a role for ACTH in the
mediation of hyperalgesia observed under present circumstances, a
number of other observations are at variance with this hypothesis.
For example, dexamethasone is without effect on the development
of attack-induced analgesia and corticosterone administration or
adrenalectomy actually enhance this reaction (13). Further, mice
exposed to extended attack show increased levels of plasma
corticosterone in conjunction with analgesia [although there is no
significant correlation between these effects, (13)]. Together,
these data indicate that the activation of the pituitary-adrenal axis
is not related to the expression of attack-induced analgesia.
However, in view of the existence of both central and peripheral
POMC systems (15), and given that opioids and/or opiates
stimulate ACTH release (9, 10, 12, 22), it has been suggested that
the measurement of CNS and plasma opioid/ACTH ratios may be
a more accurate reflection of the interaction between these
peptides than measurements of plasma opioid or ACTH levels per
se (7). Nonetheless, in the absence of further data, any suggested
role for ACTH as an endogenous opioid inverse agonist must
remain highly speculative.

In summary, present findings indicate that both opioid and
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opiate analgesia are followed by short-lasting hyperalgesia. The
naloxone-reversibility of these phenomena strongly indicate that
these responses reflect the actions of an endogenous opioid inverse
agonist. Current data do not allow firm conclusions to be drawn as
to the identity of this ligand, however, evidence does suggest that
ACTH has many of the properties that an opioid inverse agonist
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would be expected to possess, in terms of biosynthesis, distribu-
tion, receptor affinity, interactions with opioids/opiates and its
effects per se. Studies are currently underway in this laboratory to
investigate this and the hypothesis of Bolles and Fanselow (3)
suggesting that encounter-induced hyperalgesia may be correlated
with the expression of recuperative behaviours.
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