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GIRARDOT, M.-N. AND F. A. HOLLOWAY. Intermittent cold water stress-analgesia in rats: Cross-tolerance to 
morphine. PHARMACOL BIOCHEM BEI'/AV 20(4)631-633, 1984.--Continuous cold water swim (CCWS, 3.5 rain, 2°C) 
induces a non-opiate type of analgesia since 14 mg/kg of naltrexone or 20 mg/kg of naloxone only partially antagonize this stress- 
induced analgesia (SIA) and since there is no cross-tolerance between CCWS and morphine-analgesia. Intermittent cold 
water swim (ICWS) analgesia is significantly antagonized by naltrexone (14 mg/kg). These studies suggested that CCWS- 
analgesia is mediated by non-opioid systems, while ICWS-analgesia acts through a system that also mediates morphine 
analgesia. The hypothesis that ICWS-analgesia shares a common opioid pathway with morphine-analgesia, but not with 
CCWS-analgesia, was further tested by cross-tolerance studies in rats. The results showed a complete cross-tolerance to 
morphine analgesia in ICWS-tolerant animals, but no cross-tolerance to ICWS-analgesia in morphine-tolerant animals. This 
suggests that morphine- and ICWS-analgesia partially share a common pathway, ICWS acting probably at levels 
"downstream" from the opiate-sensitive sites, while CCWS induces analgesia by acting on a different system which is not 
mediated by opioids. 

Stress Stress-tolerance Analgesia Morphine 

ACUTE and severe stress induces a decreased responsive- swim-analgesia. The present study was undertaken 
ness to nociceptive stimuli in rodents (for review, see [1, 2, termine whether the analgesia induced by ICWS is 
6, 10]). This stress-induced analgesia (SIA) generally adapts tolerant to morphine-induced analgesia. This would p 
with chronic exposure. In some cases, cross-tolerance de- additional evidence for the involvement of the endo[ 
velops between SIA and morphine-induced analgesia [8, 9, opiates in the analgesia induced by ICWS. 
11, 12]. In other cases, there is no cross-tolerance between 
the two types of analgesia [5, 1 l, 12]. The various findings on 
cross-tolerance between specific stressors and morphine METHOD 
combined with their ability to be antagonized by opioid Male albino Sprague-Dawley rats, weighing 300- 
antagonists led to the conclusion that some stressors induce were housed three to a cage, fed ad lib, and kept on a r 
an opioid-mediated analgesia, while others produce light-dark cycle (12:12). The experiments were pert 
analgesia by activation of non-opioid mechanisms, during the light part of the cycle, between 0930 and 

Continuous cold water stress (CCWS, 3,5 min, 2°C) - Room temperature was kept constant (22-23°C). 
induced analgesia was shown to adapt in rats exposed chron- Analgesia was quantified using a tail-flick test apl~ 
ically (on 14 consecutive days) to the stressor [4], but there (Emdie Instruments) which measures the latency b{ 
was no cross tolerance between this CCWS- and morphine- the onset of a high intensity light beam focused on t 
analgesia [5]. This finding combined with the demonstration and the occurrence of a spinally-mediated withdrawal 
that acute exposure to CCWS is only partially antagonized Analgesia was measured by determining the mean oJ 
by high doses (20 mg/kg) of the opiate antagonist naloxone tail-flick latencies at 40 second intervals. The light bea 
[3] led to the conclusion that CCWS-analgesia is not applied sequentially at 5, 8, and 11 cm from the rostral 
mediated by an opiate-sensitive system, the tall and automatically switched off after 15 second 

In a previous study [7], rats were exposed to intermittent tall-flick occurred to avoid burning the skin. 
cold water stress (ICWS); the resulting analgesia was signifi- The animals were submitted to either continuous 
cantly antagonized by naltrexone (14 mg/kg), while the same termittent cold water stress. Some characteristics 
dose did not significantly antagonize CCWS-analgesia. common to both CCWS and ICWS. As such, the tel 
These results suggested that endogenous opiates may be in- ture of the water was 2°C. The depth of the water was 
volved in intermittent, but not in continuous cold water 30 cm; the animals thus could not stand. The distano 
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the surface of the water to the top of the container was 
approximately 70 cm; escape was therefore impossible. The ,c,vt IlEAl'lEnT ClllOII¢ TIIEATIIEIOT CIOO|I-TBIEItTIII 

parameters for the intermittent swim condition were: 1.o.  

number of exposures: 18; frequency: 3/min; single duration: 
l0 sec; total time in water: 3 min. In the continuous CWS ~ 0.8. 
condition, the animals were swimming for 3.5 min. ,c 

The f'trst experiment was related to the study of reciprocal ~ 0.6. 
o 

cross-tolerance between ICWS- and morphine-analgesia. -J 
0.4. 

One group of 6 rats was sequentially injected with 5, 7.5 and z 
10 meflkg of morphine sulfate (dissolved in 0 . ~  sal ine)at  o.~. N ~  [ ~ [ - ~  
5-day intervals. They were then submitted to the ICWS 
condition on 30 consecutive days. On days 16, 20, and 30 of 0.~ [-~*1-~* 
this chronic ICWS regimen, they were not stressed but in- ,m ,.,~.! ~ , , .  , ~  ~m,, ~,sm~ ,,1,ms mnc~n cm~,, cm~ m~ 
stead injected IP with 5, 7.5 and 10 mg/kg of morphine sul- , m  ,~5  mT.~ 

fate, respectively. The tail-flick latencies were measured on T R E A T M E N T  

the days prior to the days of morphine injection to ensure 
that these three interruptions in the chronic ICWS treatment FIG. 1. Analgesia Index (mean_+S.E.M.) as a function of 
did not alter tolerance. Another group of 6 rats was injected acute, chronic, or cross-treatment between morphine and in1 
on 15 consecutive days with 10 mg/kg of morphine. On Day tent cold water stress. Abbreviations: AM5-acute morph 
16, they were submitted to the ICWS condition. In these two mg/kg); AM7.5-acute morphine (7.5 mg/kg); AM10-aeute mo 
groups of rats, the tail-flick latencies were measured prior to (10 mg/kg); AICWS-acute intermittent cold water swim; CM 10-c 
and 30 minutes after either morphine injection or ICWS. morphine (10 mg/kg); CICWS-chronic intermittent 

water swim. There were 6 animals in each group. Statistical 
In the second experiment, the effect of 10 mg/kg of moT- cance using the t-test method and comparing the chronic trea 

phine in rats submitted to either chronic CCWS, ICWS, or groups to the acute groups subjected to identical drug or 
morphine treatments was studied. Four groups of rats (n = 6 treatment, and comparing the cross-treatment groups to the 
in each group) were used. One group served as controls, and treated groups subjected to identical drug or stress treatment 
was injected with 10 mg/kg of morphine. The second, third, **--The difference was significant at p<0.05 and p<0.01, r 
and fourth groups were submitted to, respectively, 10 mg/kg tively. 
of morphine injection, ICWS or CCWS every day on 15 con- 
secutive days. On day 16, all animals in these 3 groups were 
injected with 10 mg/kg of morphine. The tail-flick latencies 
were measured prior to, and 30 and 60 minutes after mor- 
phine administration, represented 22 and 27% of the mean A on day 1 in th~ 

phine and ICWS conditions, respectively. They were s 
RESULTS cantly different for these 2 conditions 09<0.02 fc 

morphine-treated animals, p<0.001 for the group subt 
The results of the first experiment are illustrated in Fig. 1. to ICWS). Interestingly, in the rats submitted to the cl 

The mean baseline tail-flick latencies in the various condi- CCWS, the mean A significantly decreased during the 
tions ranged from 5 to 6 sec. In this figure, the level of days of treatment (mean A on Day 7 vs. Day 1, signific 
analgesia is represented as an analgesia index which is de- p<0.001), but they then progressively increased from 
rived from the tail-flick latencies (TFL) according to the to Day 15, at which they no longer differed significantly. 
equation: the A on Day 1 (0.05<p<0.1). In this CCWS conditio 

mean A on day 15 represented 77% of the mean A on d 
A.I. = TFL 30 min after treatment - baseline TFL Figure 2 illustrates the effect of 10 mg/kg of morphil 

15 (cut-off p o i n t ) -  baseline TFL different groups of animals (controls, morphine-tol 
ICWS-tolerant, and CCWS-tolerant). The results 

The A. I. in the animals submitted to chronic morphine or analyzed using the ANOVA method. While the 
ICWS conditions were significantly lower than the A. I. in baseline latencies were not significantly different in 
the acute condition 09<0.01, t-test), implying that tolerance groups, F(3,44)<1, the overall tail-flick latencies di 
to the analgesic effect of both morphine and ICWS did de- significantly, F(3,20)=7.78, p<0.005; significant diffe] 
velop. Morphine's effect was significantly lower after than were obtained at both 30 minutes, F(3,44)= 10.31, p <  
before ICWS treatment 09<0.05, 0.01, and 0.01 for 5, 7.5 and and 60 minutes, F(3,44)=8.17, p<0.001, following inje 
10 mg/kg of morphine, respectively, using a t-test), while There was no significant overall difference between th~ 
there was no significant difference between the A.1. in the phine- and ICWS-tolerant animals; neither were they 
morphine-tolerant rats subsequently submitted to ICWS and ent at 30 and 60 minutes after injection. This was al: 
the A.I. following an acute exposure to ICWS in non-treated case for the controls versus CCWS-treated animals 
animals. These results suggest that there is cross-tolerance morphine-tolerant animals and the CCWS-treated al 
to morphine in rats tolerant to ICWS, but that this cross- were significantly different at all time levels from th~ 
tolerance is unidirectional; rats tolerant to chronic treatment trois and ICWS-tolerant animals, respectively 09<0.0 
of morphine are not tolerant to ICWS. 

In the second experiment, tolerance developed in the DISCUSSION 
chronic morphine and ICWS conditions. The increases from Bodnar et al. [4] reported complete tolerance de 
baseline of the tail-flick latencies at 30 min after treatment ment with exposure to a 3.5 min CCWS on 14 conse 
(A=TFL at 30 min - baseline TFL) were compared on days days, but a lack of cross-tolerance to morphine J 
15 and 1 for the various conditions. On day 15, the mean A CCWS-tolerant animals. Our finding of a diphasic an~ 
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response to chronic CCWS with progressive lc 
tolerance from day 8 to day 15 of  treatment deviates 
what from this earlier report. The discrepancy may be 

13'  I ~'.,, differences in the procedure used to test for analgesJ 
~'~ i, ",. deed, in the previous report,  analgesia was measured 

i " the flinch-jump threshold method, while we used th 
LU 12. i "". O') / /  " ~ , , . .  flick test. The present results, however,  confirm the 
v ~ ous finding that analgesia induced by CCWS is not 
CO 11' ~ / /  tolerant to morphine. 
Idd / /  In the animals submitted to the intermittent CWS,  

tion (and although the animals spent approximately th~ 
Z 10'  amount of  time in the water as in the CCWS condition) 

tolerance to morphine did develop. As previously sugg 
it thus seems that the pattern of  the stressor is one de 

¢1~ 9,  / l  nant of  the type of  analgesia-regulating system involve 
. - I  have shown [7] that 14 ms/ks of  naltrexone does not ,, 

cantly antagonize the analgesia induced by CCWS, 
¢~  8' iff 1 y significantly antagonizes the analgesia induced by I 
"- i  ~ This finding, which suggests that the opioid analgesic s 
i1~ is involved in the second but not the first condition, 

7 .  _ j  bined with the present demonstration of  cross-toler~ 
morphine in ICWS-tolerant animals and no croSs-toh 

I ' -  b" to morphine in CCWS-treated animals strongly sugges 
the pattern of  the stressor is, at least in the case of  cold 
stress, an important factor resulting in the involvemen 
opioid-mediated analgesic system. 

BAS~:LINE T 3"0 6 0  The cross-tolerance between ICWS- and mor 
morphine analgesia is only unidirectional; indeed, morphine-to 

rats are not tolerant to ICWS. That reciprocal 
T I M E  A F T E R  I N J E C T I O N  ( M I N )  tolerance does not always exist between analgesia-in, 

stressors and/or morphine has already been reporter 
FIG. 2. Tail-flick latencies prior to, right after, 30 and 60 min after Interpretation of this lack of reciprocal cross-toleran 
injection of 10 ms/ks of morphine (at arrow) in 4 groups of rats (n=6 tween morphine and intermittent CWS can only be sp 
in each group). One group served as controls (full line, diamonds), tive at this point. One possibility is that acute ICW~ 
The other 3 groups were submitted to either CCWS (interrupted line, induce analgesia by acting at levels "downs t ream"  fr 
open circles), ICWS (interrupted line, closed circles), or injection of opioid sensitive site on a pathway inhibiting the spin~ 
10 ms/ks of morphine (full line, triangles) on 15 consecutive days. neurons. 
The morphine injection was done on the day following the chronic 
treatments. 
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