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BARDO,M T ANDR A HUGHES Exposure to a nonfunctional hot plate as a factor in the assessment of morphine-
induced analgesia and analgesic tolerance in rats PHARMAC BIOCHEM BEHAV 10(4) 481-485, 1979 —Rats not
exposed to a hot plate with or without morphine and later tested on the functional hot plate with or without morphine,
displayed increased paw hick latency relative to same-injected rats given pretest hot plate exposure This analgesic effect,
was termed behavioral analgesia since 1t, unlike morphine-induced analgesia, was not reversed by naloxone (Experiment
2) Behavioral tolerance was evident 1n ammals exposed to the nonfunctional hot plate regardless of drug treatment and was
dissociated from pharmacological tolerance Behavioral analgesia and tolerance reported here may involve habituation to
novel distractive stimuli associated with the hot plate test environment
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MORPHINE analgesic tolerance 1s reflected in a diminished
analgesic response over repeated morphine injections
Assessment of this effect involves both pharmacological and
behavioral factors, each of which can contribute to the re-
sponse diminution used to index tolerance. Pharmacological
tolerance can be described as a diminished analgesic re-
sponse brought about by morphine administration per se,
whereas behavioral tolerance can be described as a di-
minished analgesic response brought about by expernence
with the analgesia assessment procedure and apparatus [3,5]

Behavioral tolerance related to morphine effects has been
demonstrated under a variety of analgesia assessment con-
ditions (1, 3, 5] In these instances, animals given exposure
to a functional apparatus with or without morphine, and
animals given exposure to a nonfunctional apparatus with
morphine, subsequently displayed behavioral tolerance
when tested with morphine relative to same-injected ammals
not given apparatus exposure

Various factors may contribute to behavioral tolerance
Instrumental learning may be involved [4] but is not a neces-
sary factor since morphine-injected animals given repeated
exposure to a nonfunctional apparatus, and subsequently
tested with morphine, display behavioral tolerance relative
to same-injected ammals not given apparatus exposure [1, 3,
9, 10] The basis of this nonfunctional apparatus exposure
effect clearly cannot reflect instrumental learning, stress re-
lated to repeated noxious stimulus exposure, or a change in

nociceptive receptor sensitivity, because the noxious
stimulus 1s not present on pretest exposure sessions.
Nonstressful but distracting stimulation induces a con-
comitant analgesic effect [2]. Since this analgesic effect 1s
nonpharmacological it can be termed behavioral analgesia It
1s possible that the behavioral tolerance evident in
morphine-induced analgesia assessment situations reflects,
in part, habituation to novel, and therefore, potentially dis-
tracting, apparatus stimulh According to this interpretation,
ammals given morphine for the first time and nonfunctional
apparatus exposure for the first tme would display analgesia
(if tested) consisting of both a pharmacological (morphine)
and behavioral (novel stimuli) component Pharmacological
and behavioral tolerance would occur over repeated
injection-exposure sesstons as animals repeatedly experi-
ence morphme and, at the same time, habituate to novel
environmental stumuli associated with the njection-
apparatus exposure procedure. On a subsequent test of
morphine-induced analgesic effects, mn the now functional
apparatus, these ammals would display less analgesia than
ammals given similar repeated morphine injections but not
given prior apparatus exposure This response difference
would occur because, although all animals would have
achieved pharmacological tolerance, only the exposed ani-
mals would have achieved behavioral tolerance This in-
terpretation 1s consistent with observations that animals
given nonfunctional apparatus exposure display greater
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tolerance than nonexposed ammals when tested for
morphine-induced analgesia {1, 3, 9, 10] If this nonfunc-
tional apparatus exposure effect reflects habituation to novel
sttmuli which imitially induce behavioral analgesia, then be-
havioral analgesia and behavioral tolerance ought to be dis-
sociable from morphine-induced analgesia and pharmacolog-
ical tolerance. There 1s little or no evidence to support this
possibility

The first experiment to be presented here sought evidence
of behavioral analgesia and behavioral tolerance, independ-
ent of morphine-induced analgesia and pharmacological
tolerance, and at the same time sought to replicate pre-
viously reported observations of combined pharmacological
and behavioral tolerance These factors were assessed
within the context of nonfunctional apparatus exposure prior
to analgesic test

EXPERIMENT 1

METHOD
Ammals

The amimals were sixty-four, 80-day-old male hooded rats
(Blue Spruce Farms, New York) maintained in individual
cages under a 12 hr hight-dark cycle in a temperature and
humidity controlled colony room where they were allowed
free access to food and water

Apparatus

We used a low-temperature hot plate assessment proce-
dure since this method has been reported to be more sensi-
tive than high-temperature procedures in detecting subtle
analgesic effects [8] The hot plate apparatus consisted of a
shde warming tray (Chicago Surgical and Electric Co,
Model 26020) covered with a 25x33x58 cm clear Plexiglas
chamber with a hinged top The top and three sides of the
chamber were vertically striped with 2 cm black tape spaced
at 2 cm ntervals. This apparatus was illuminated by a 7.5 W
white light mounted 20 cm above the chamber top. The appa-
ratus was placed on a table in a darkened experimental room
1solated from the colony room A 23x33X25 cm wooden
chamber with metal grid floor (gnds spaced at 2 cm intervals)
was enclosed within a larger 38 x45 x40 cm wooden chamber
with a hinged top and was located at floor level next to the
hot plate apparatus. A timer (Hunter, Model 120 A) which
could be started and stopped with a foot-switch was placed
between the hot plate and grid-floor apparatus.

Procedure

Each amimal was randomly assigned to one of eight treat-
ment groups combined as a balanced 2x2x2 factorial design
(n=8 per group) Treatment consisted of admimstering a
daily injection of either morphine or saline (pretest-drug fac-
tor) and post-injection exposure to either the nonfunctional
hot plate or the grid-floor apparatus (pretest-exposure fac-
tor). These pretest treatments were given on four consecu-
tive days at approximately 24 hr intervals Following these
treatments, ammals were tnjected with morphine or saline
for either the first or the fifth time (test-drug factor) and were
tested for pain responsivity in the functional hot plate appa-
ratus

On the four consecutive pretest treatment days, each
amimal was individually transported in its home cage to the
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expernimental room and iyjected SC with 1 cc/kg of either §
mg/kg morphine sulfate or 0 9% sahne Thirty minutes after
each injection, one half of the morphine-inyected and one half
of the saline-injected animals were placed in the nonfunc-
tional hot plate apparatus (plate surface at 25°C) for 120 sec.
In order to provide similar handling experience, the remain-
ing animals were each placed 1n the grid-floor apparatus for
120 sec All ammals were caged individually without water in
the experimental room during the 30 min injection-placement
mterval and were returned to the colony room following each
hot plate or gnid-floor apparatus placement

On the day following the last pretest treatment day,
each amimal was transported to the experimental room and
mjected with morphine or sahine for either the first or the
fifth ime. Thirty minutes after mjection, each amimal was
tested for pain responsivity in the functional hot plate appa-
ratus (plate surface at 49.5°C). Pain responsivity was indexed
by latency to perform a paw-lick response to the front or
hind paws and was recorded to the nearest 0 1 sec as paw-
lick latency (PLL) If a paw-lick response was not performed
within 120 sec, the test was terminated and PLL recorded as
120 sec

The four pretest treatment groups were Morphine-
injected, hot plate exposed (M-E Group), morphine-injected,
not exposed (M-NE Group); saline-injected, hot plate ex-
posed (S-E Group); and saline-injected, not exposed (S-NE
Group) Within each pretest treatment group there were two
subgroups, one was administered morphine and the other
was admimistered saline on the test day. These groups and
treatments are summarized in Table 1

TABLE 1
TREATMENT GROUPS EXPERIMENT 1*

Group N Test-Day Injection (Day 5)
S-E 8 Morphine

S-E 8 Saline

M-E 8 Morphine

M-E 8 Saline

S-NE 8 Morphine

S-NE 8 Saline
M-NE 8 Morphine
M-NE 8 Saline

*Group abbreviations refer to injections and treatment on Pretest
Days 1-4 S, saline-injected, M, morphine-injected, E, exposed to
ambient temperature hot plate, NE, not exposed to ambient tem-
perature hot plate On the test day the hot plate was 49 5°C

Dara Analysis

Paw-lick latency data were statistically analyzed using a
2x2x2 (pretest-drug X exposure X test drug) factonal analysis
of vanance and, when sigmficant interactions occurred, tests
of simple main effects [6]

RESULTS

Paw-lick latencies obtained from the eight treatment
groups are summarized m Fig 1 Morphine-induced
analgesia 1s clearly evident in sigmificantly longer PLLs ob-
tained from S-NE and S-E Groups administered morphine on
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FIG 1 Mean paw-lick latencies from Experiment 1 for pretest
treatment Groups S-NE (saline-injected, no pretest hot plate expo-
sure), M-NE (morphine-injected, no pretest hot plate exposure), S-E
(saline-imjected, pretest hot plate exposure), and M-E (morphine-
mjected, pretest hot plate exposure) Within each pretest treatment
group, subgroups were given either morphine or saline on the test
day Standard error of the mean for each group 1s indicated by
vertical lines, n°=8 per treatment group

the test day relative to S-NE and S-E Groups adminmistered
saline on the test day, F(1,56)=61.64, p<<0.0001. Analgesic
tolerance to morphine effects 1s evident 1n significantly
shorter PLLs of M-NE and M-E Groups administered mor-
phine for the fifth time on the test day relative to S-NE and
S-E Groups admimstered morphine for the first time on the
test day, F(1,56)=10.30, p<0.01 This tolerance may be
termed pharmacological since it 1s evident in both exposed
and nonexposed chronic morphine-injected animals.

The data summanzed in Fig 1 also demonstrate that ex-
posure to the nonfunctional hot plate affected pain respon-
sivity independent of morphine effects Nonexposed animals
displayed analgesia relative to exposed animals as indicated
by significantly longer PLLs across each of the pretest-drug
by test-drug treatment combinations, F(1,56)=5 98, p<0.05
There was no significant interaction between the exposure
factor and either the pretest-drug or the test-drug factor. This
lack of interaction indicates that the analgesia inferred from
long PLLs of nonexposed animals may be termed behavioral
since 1t occurred independent of morphine effects

EXPERIMENT 2

Since analgesic manipulations are often characterized as
opiate-specific If reversed or attenuated by opiate an-
tagonists [7], this second experiment assessed the influence
of the opiate antagonist naloxone on morphine-induced and
on behavioral analgesia

METHOD
Ammals
The amimals were sixty-four, 85-day-old male hooded rats

(Blue Spruce Farms, New York) maintained as described in
Experiment 1

Apparatus

Apparatus consisted of the hot plate descnibed in Expert-
ment 1 and an open-field apparatus not previously described
The open-field apparatus consisted of a 45x45x40 c¢m
chamber with two clear Plexiglas walls, two opaque white
walls and a floor made of metal grids spaced at 2 5 cm nter-
vals The open-field apparatus was located 1n the colony
room

Procedure

Each animal was randomly assigned to one of eight treat-
ment groups combined as a balanced 2 x2x2 factonial design
(n=8 per group) Treatment consisted of administering each
animal two saline injections (one SC and one IP) per day
over four consecutive days, and post-injection exposure to
etther hot plate or open field (exposure factor) After this
each animal received SC morphine or saline (morphine fac-
tor) followed by either IP naloxone or saline (naloxone fac-
tor) and was subsequently tested for pan responsivity in the
functional hot plate apparatus

On the four consecutive pretest treatment days, one half
of the amimals were individually transported 1n their home
cages to the experimental room. Each animal was given a
0 9% saline imjection SC and, 30 min later, was given a sec-
ond saline injection IP Ten minutes after the second saline
tnjection, each animal was placed 1n the nonfunctional hot
plate apparatus (plate surface at 25°C) for 120 sec (exposed
group) and then was returned to the colony room. Each of
the remaining animals was given similar injections except
that these mjections were administered 1n the colony room.
Ten minutes after the second saline imection, these amimals
were placed in the open-field apparatus for 120 sec (not ex-
posed group).

On the day following the last pretest treatment day, each
ammal was transported to the experimental room. Both hot
plate exposed and not exposed animals were injected SC
with 1 cc/kg of either 5 mg/kg morphine sulfate for the first
time or 0 9% saline for the fifth ttme and, 30 min later, were
injected IP with a similar volume of either 3 mg/kg naloxone
hydrochloride for the first time or 0.9% saline for the fifth
time Ten mun after the second injection, each animal was
tested for pain responsivity in the functional hot plate appa-
ratus (plate surface at 49 5°C) as described in Experiment 1.

The groups formed by the treatments described above
were Morphine-naloxone imjected (M-N Group), morphine-
saline mjected (M-S Group), saline-naloxone injected (S-N
Group), and saline-saline imnyected (S-S Group). Within each
test-day treatment group there were two subgroups defined
by pretest treatment; one was exposed and the other was not
exposed to the nonfunctional hot plate. These groups and
treatments are summarized in Table 2. Analyses of PLL data
were as described for Experiment 1

RESULTS

Paw-lick latencies obtained from the eight treatment
groups are summarized in Fig 2 These data demonstrate
that naloxone, which clearly reversed morphine-induced
analgesia, failled to reverse behavioral analgesia Be-
havioral analgesia 1s evident 1n significantly longer PLLs of
groups not exposed to the hot plate apparatus relative to
exposed groups across each of the morphine by naloxone
treatment combinations, F(1,56)=30 13, p<0 001 Morphmne-
induced analgesia 1s evident in significantly longer PLLs of
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TABLE 2
TREATMENT GROUPS EXPERIMENT 2*

Group N Pretest Exposure-Treatment (Days 1-4)
M-S 8 Exposed

M-S 8 Not Exposed

M-N 8 Exposed

M-N 8 Not Exposed

S-S 8 Exposed

S-S 8 Not Exposed

S-N 8 Exposed

S-N 8 Not Exposed

*On Day 1-4 each ammal received two saline ijections and was
exposed or not exposed to the ambient temperature hot plate follow-
ing the second imjection Group abbreviations refer to test-day in-
jections (Day 5) when animals received an injection of morphine (M)
or saline (S) followed by an injection of naloxone (N) or saline
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FIG 2 Mean paw-hck latencies from Experiment 2 for test-day
treatment Groups M-S (morphine-saline injected), M-N (morphine-
naloxone imected), S-S (saline-saline tnjected) and S-N (saline-
naloxone injected) Within each test-day treatment group, sub-
groups were either previously exposed or not exposed to the non-
functional hot plate following saline injections Standard error of the
mean for each group 1s indicated by vertical lines, n°=8 per treat-
ment group

M-S Groups relative to S-S Groups, F(1,56)=13 95, p<0 01
Naloxone reversal of morphine analgesia 1s evident 1n sig-
nificantly shorter PLLs of M-N Groups relative to M-S
Groups, F(1,56)=14 14, p<0 01 This reversal was complete
since the difference in PLLs between M-N and S-S Groups
was not significant In contrast, naloxone failed to reverse
behavioral analgesia since the difference in PLLs between
S-N and S-S Groups not exposed to the hot plate apparatus
was not significant

DISCUSSION

The results of the present experiments demonstrate that
ammals given morphine for the first ime, but not exposed to
the hot plate apparatus prior to test, may display two disso-
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ciable sources of analgesic effect First, morphine-induced
analgesia was evident in both exposed and nonexposed ani-
mals given morphine for the first ttme on test Second, a
behavioral analgesia was evident in both morphine- and
saline-injected animals not exposed to the hot plate appara-
tus prior to test The behavioral analgesia was evident as
longer PLLs relative to same injected but hot plate exposed
amimals  Behavioral analgesia was independent of
morphine-induced analgesia since 1t occurred 1n ammals not
exposed to the apparatus regardless of drug treatment (Ex-
periments 1 and 2), and was additive with morphine-induced
analgesia since 1t, unlike morphine-induced analgesia, was
not reversed by naloxone (Experiment 2}

The results of the present experiments also indicate that
animals given repeated morphine injections and nonfunc-
tional apparatus exposures may display both pharmacologi-
cal and behavioral tolerance Pharmacological tolerance
(morphine) developed with morphine administration per se
and was evident in Experiment 1 1n both exposed and not
exposed animals given five morphine injections Behavioral
tolerance (nonpharmacological) developed with exposure to
the nonfunctional apparatus per se and was evident in Exper-
iments 1 and 2 in animals exposed to the nonfunctional appa-
ratus with or without morphine and tested with or without
morphime Previous experiments demonstrated a combined
effect of pharmacological and behavioral tolerance in ani-
mals given morphine on test [3,5] The present experiments
are the first to demonstrate that behavioral tolerance can
occur independent of pharmacological (morphine) effects

The diminished analgesic response evident in exposed
ammals, which defines behavioral tolerance 1n the present
expertments, cannot reflect instrumental learning of a paw-
lick response, stress related to repeated noxious stimulus
exposure, or a change in nociceptive receptor sensitivity,
because these amimals were exposed to a nonfunctional
apparatus Moreover, since in the present experiments ani-
mals exposed to the nonfunctional apparatus with saline
displayed behavioral tolerance, this particular response di-
minution cannot reflect a classically conditioned hyper-
algesic response which presumably requires pairing of mor-
phine with environmental cues associated with the in-
Jection-exposure procedure [9, 10, 11, 12]

It 1s possible that behavioral tolerance observed here re-
flects habituation to stimuli that imtially induce behavioral
analgesia (e g , [2]) Ammals not exposed to the hot plate
apparatus were confronted with novel environmental stimuh
when tested for pain responsivity These stimuli may have
mmduced an increase in paw-lick latency which we have
termed behavioral analgesia In contrast, exposed animals
may have habituated to this novelty-induced effect over re-
peated exposures to the nonfunctional apparatus prior to test
which may have induced decreased paw-lick latencies in-
dicative of behavioral tolerance

If the above interpretation of behavioral analgesia and
behavioral tolerance obtained 1n the present experiments has
merit, then the stimul that induce behavioral analgesia ap-
pear to be associated more specifically with the test appara-
tus than with the ijection-handling procedure In Experi-
ment 1, amimals not exposed to the hot plate apparatus dis-
played behavioral analgesia relative to exposed animals,
even though both groups were given simular injection-
handling experience in the experimental room Stimul as-
sociated with the experimental room may also contribute to
this behavioral analgesia The greater degree of behavioral
analgesia observed in Experiment 2 (cf Group S-NE given
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saline on test in Experiment 1 and Group S-S not exposed to
the hot plate in Experiment 2) may be a result of Group S-S
animals being exposed to both the experimental room and
hot plate apparatus for the first ttme on the test day.
Fmally, although behavioral analgesia may be reversed
by a naloxone dose different from the one used in Experi-
ment 2 (3 mg/kg), the present failure to observe even a shight

attenuation of effect with this opiate antagonst suggests that
the exposure effect observed here mvolves a non-opiate
substrate Non-opiate analgesic mechanisms have been pro-
posed to be mediated by the midbrain reticular formation [7]
This brain area may be involved in the exposure effect re-
ported here
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