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INTRODUCTION

_ Opioids are the most common and widely used drugs in the treatment of acute, chronic, - ‘

and cancer pain. However, long-term use of opicids may lead to analgesic tolerance and -
cross-toleranpe to other opioids, which can cause an apparent decrease in analgesic efficacy.
Opioid tolerance has been extensively sfudied, and many studies have elucidated the
characteristics of opioid tolerance, including its onset, ﬁme course, and magnitude. However,
studies about cross-tolerance on anélgesic effects between opioids used intraoperatively are

. limited. Some cliﬁiéal reports have indicated that the long-term use of opioids_‘before surgery
increases the dosage of opioids used intraoperatively. In the perioperative setting, opioid
cross-tolerance may diminish analgesic effectiveness during surgery in patients with long-term _
opioid use; therefore, acute paih management for these patients has been a clinical challenge.
Remifentanil is ultra~short-acting and good at régulation, enabling hemodynamic stability and
rapid recovery with minimal side éffects, which leads to its frequent use intraoperatively.

- Nociceptive pain can be éllassiﬁed info somatic and visceral types. A key point of anesthesia
management is to consider the pain pathwéy arising from somatic or visceral. HoWever,'previous
studies on opioid tolerance mainly focused on somatic pain. _

Information on cross-tolerance from opioids used preoperatively to remifentanil
administered iﬁtraope‘ratively is vital for analgesic management in the perioperative period.
However, there is limited information about cross-tolerance to remifentanil, especially in visceral
pain. Morphine is a commonly used opioid preoperatively. Therefore, this study aimed to
examiné cross-tolerance from inorphine‘to remifentanil antinociéeptive effects, especially the

difference between somatic and visceral tolerance, using morphine-tolerant rats.



MATERIALS AND METHODS

All experiments with ammals in th1s study were approved by the Animal Care and Use

Committee of Shimane University. :

Male Sprague-Dawley rats weighjng 200250 g were used in this study. We randomly
assigned 12 rats to the morphine and saline gfeups (n = 6 per group). After the challenge test on
day 1, at approximately 5:00 pm, 10 mg/kg morphine dissolved in physiological saline was
injected subcutaneeusly in the morphine group or saline in the saline group. Thereafter, from day
2 to day 9, 10 mg/kg morphine or saline was injected subcufaneously twice a day (around 10:00
~am and 5:00 pm) in the morphine and saline groups, respectively, to induce tolerance to the
antinociceptive effect of morphine. For the challenge test on days 1 and 10, the rats in the
morﬁhine group were administered 3 1ng/kg 'morphin._e subcutaneously to examine the
- development of morphine tolerance, whereas those in the saline group were administered equal
" amounts of selin.e. On .‘day 11, a cpntinuoﬁs intravenous infusion of 10 mcg&g/niin of
“remifentanil was administered to assess cross-tolerance from morphine to remifentanil. The
behavioral tests described below were performed to assess cross-tolerance to remifentahil, in
morphine-tolerant rats. Responses to nociceptive somatic and visceral stimuli were measured
using the tail-flick (TF) and colorectal distension (CD) tests, respectively. All 12 rats were used

for both behavioral tests. Both behavioral tests were performed before subcutaneous injection
- and 30, 60, and 90 min after subcutaneous injection for the morphine challenge test on days 1
and 10. On day 11, both behavioral tests were performed every 30 min for 120 min duriﬁg
remifentanil infusion and 30 min aftei‘ infusion termination. Both tests were performed in a
blinded manﬁer. ' : _ | |
| | RESULTS AND DISCUSSION

Subcutancous injeetioﬁ of morphine significantly inereased %MPE compared with

baseline at all time points in the TF and CD tests on day 1. On day 10, morphine significantly
increased %MPE at 30 and 60 min but not at 90 min in the TF test and at only 30 min but not at
60 and 90 min in the CD test compared with that at baseline. Compared Wlth day 1, the %MPE
on day 10 was significantly attenuated at every time point in both tests. _

In the assessment of cross-tolerance from morphine to remifentanil on day 11, statisﬁcel
differences were found beth between the groups and between the time points in the TF test. In’
the morphine group, remifentanil signiﬁcantlj increased %MPE in the first' 30 min compared
~ with that at baseline but not at 60, 90, 120 and T30 min (T30 corresponds to after a 30-min
remifentanil 1nfu51on) and the increase in. %MPE was significantly attenuated compared with
that in the saline group at 60 90, and 120 min but not at 30 and T30 min. In the CD test,
statistical differences were found between the groups and between the time points. In the

‘morphine gfoup, remifentanil significantly increased %MPE throughout the duration of



o

femifentanil infusion compared with that at béseline, and the increased %MPE returned to the
baseline values at T30 min. The increase in %MPE was significantly attenuated in the morphine
group compared with that in the saline groﬁp at 90 and 120 min but not at 30, 60, and T30 min. _
In contrast, in the saline group, remifentanil significantly increased %MPE to the cutoff values
- throughout remifentanil infusion in both tests, @nd those were significantly increased compared
with that at baseline. %MPE returned to the baseline values after 30 min from the t_ermination of
remifentanil in both tests A ' |
This study investigated the development of cross-tolerance to the antinociceptive effect of -
remifentanil in morphine-tolerant rats on somatic and visceral nociceptive stimulation and
demonstrated two important phenomena. Morphine-tolerant rats exhibit cross-tolerance to acute
antinociceptive effects of remifentanil on somatic and visceral stimuli. Cross-tolerance to the
. antinociceptive effect of remifentanil can be higher and faster on somatic stimulus than.that on
‘visceral stimulus. ' ‘ ,
Long-term opioid use, sucli as morphine, induces tolerance to their antinociceptive effects.
To the best of our knowledge, no basic animal researqh has demonstrated that chronic -
administration of morphine induces cross-tolerance to remifentanil, especially with continuous
' intravenous remifentanil infusion. Our results demonstrated that morphine-tolerant rats were also
tolerant to the acutc antinociceptive effécfs of remifentanil on somatic and visceral stimuli.
Further, cross-tolerance to the somatic stimulus can be higher and faster than that to the visceral
stimulus. During the continuous infusion of remifentanil, %MPE in the TF test ;reduced the
antinociceptive effect faster than that in the CD test. In addition, the CD test showed a significant
- antinociceptive effect until the end of remifentanil administration; however, the antinociceptive
effect in the TF test wdned after 90 min. These results suggest that morphihe-tolérant rats had
higher and faster cross-tolerance to remifentanil antinociceptive effects on somatic nociceptive
stimulation than that on visceral stimulation. It was difficult to directly compare the results of
two tests with different stin_mli such as the TF and CD tests. Thus, we converted the measured
values to %MPE so that relative comparisons could be made. Since %MPE varies depending on
cutoff values, we set the cutoff value to a frequently used value. |
* CONCLUSION

We indicated for the first time that morphine-tolerant rats have cross-tolerance to acute

antinociceptive effects of remifentanil on somatic and visceral stimuli. Therefore, cross-tolerance
to the antinociceptive effects of remifentanil for somatic and visceral pain should be considered

in the perioperative management of patients using morphine preoperatively.



