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Surgical pain attenuates acute morphine tolerance in rats
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Nociceptive stimuli, such as formalin-induced pain and adjuvant-induced arthritis, attenuate
tolerance to morphine antinociception. In this study, we have explored the effect of upper and
lower abdominal surgical pain on the prevention of acute tolerance to morphine antinociception
in Sprague—Dawley rats. Group | received lower abdominal surgery (LAS) and i.v. morphine
infusion; group Il received LAS and i.v. saline infusion; group lll received upper abdominal
surgery (UAS) and i.v. morphine infusion; group IV received UAS and i.v. saline infusion; group
V received i.v. morphine infusion; and group VI received i.v. saline infusion. The antinociceptive
effects of morphine were measured by an infrared thermal tail flick test. We also measured
plasma concentrations of morphine in rats receiving morphine infusions with or without surgical
treatment. We found that acute tolerance to morphine antinociception developed after 2 h
following i.v. infusion of morphine alone. However, both UAS and LAS significantly slowed the
rate of development of acute tolerance to morphine. The area under the time—response curves
(AUC) of groups | and Ill were mean 34 556 (sD 5607) and 32 548 (9783), respectively, which
were significantly different from that of group V (18759 (8225)) (P<0.0l). Also, there were
no significant differences between groups | and lll. There were no significant differences
between groups for plasma morphine concentrations during the 8-h study (e.g. groups |, IlI
and V: 179.9 (22.6), 182.7 (14.4) and 170.9 (15.8) ng mI~' at 8 h, respectively) and we suggest
that the appearance of acute morphine tolerance after morphine infusion is not pharmacokinetic
in nature.
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After long-term administration or continuous infusion ofmodels can only represent in part, clinical pain (i.e. not

morphine in animals, tolerance to morphine antinociceptioncisional pain). In clinical practice, postoperative pain is

develops rapidly;® however, this phenomenon is rarelya major problem for the acute pain service; therefore, it is
observed in patients® The mechanism of this discrepancyimportant to develop an animal model of pain to study the

between patients and animals is not clear. Some hawtationship between clinical acute pain and morphine
suggested that the presence of pain during morphine admtslerance. In our animal study, two clinical procedures, upper
istration may contribute to this differen€& Using animal abdominal and lower abdominal surgery, were developed.
models of formalin paw injection and adjuvant-inducedsing these two surgical procedures, we have explored the
arthritis, it has been found that the appearance of noxiogfect of postoperative pain on the prevention of acute
stimuli during morphine administration may disturb theolerance to morphine antinociception in Sprague—Dawley
development of tolerance to morphine antinociceptidh. rats.

This finding is valuable in determining the correlation

between acute tolerance to morphine antinociception a .

painful stimuli. However, the nature of this pain is not quitd/1aterials and methods

similar to clinical pain as formalin and adjuvant are not thall testing was performed in accordance with the recom-

causative agent of clinical pain; also, these two animaiendations and policies of the International Association
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for the Study of Paif and the study was approved by A

our Institutional Animal Investigation Committee. Male

Sprague-Dawley rats (250-300 g) obtained from the 7T <.~

National Lab Animal Breeding and Research Centre,
National Science Council, Taipei, Taiwan, were housed in
cages with controlled room temperature {2°C), humidity Subcostal line
(50£10%) and a 12-h light—-dark cycle (from 06:00 to
18:00). Food pellets and water were availabt® libitum
throughout the experiment. Tests were performed only after
the rats had acclimatized to the above environment for at
least 7 days. Experiments were performed between 08:00
and 17:00 in random order.

All animals received i.v. catheterization 24 h before
the experiment under pentobarbital (pentobarbitone) 45 mg
kg™ i.p. anaesthesia. Briefly, after local skin infiltration

Xiphoid cartilage

Incision line

with 2% xylocaine, a polyethylene cannula (PE-50) filled
with heparinized saline 50 u. mlwas inserted into the B
right external jugular vein. The free end was tunnelled
subcutaneously, exteriorized through a stab wound, and
then fixed to the back of the neck. After catheterization,
animals were housed separately to avoid cannula dis-
lodgement.

Twenty-four hours after i.v. catheterization, the rats were
allocated randomly to one of the two studies: pharmacodyn- Midline
amic or pharmacokinetic.

"»/ /’%\'“\.‘

Lateral inguinal

Incision line ; region
Pharmacodynamic study

Rats were allocated randomly to one of six groups 12

in each group): group | received lower abdominal surgery
(LAS) and i.v. morphine infusion; group Il received LAS
and i.v. saline infusion; group Ill received upper abdominal
surgery (UAS) andi.v. morphlne infusion; group IV recelVe‘iiig 1 A: Upper abdominal surgery (UAS). A skin incision was made from

UAS and i.v. saline infusion; group V received i.v. morphinge midiine of the abdomen (linea alba), starting 1 cm below the xiphoid
infusion; and group VI received i.v. saline infusion. Surgeryartilage and running parallel to the subcostal line, approximately 2 cm

was performed under diethyl ether anaesthesia and the tyjfdength. The wound was deepened to the peritoneal cavity to expose the
of surgical incisions used are shown in FigureA;LBo. In underlying liver and intestine. The wound was later sutured in layers with

L - 3-0 silk. Finally, the skin was closed with four stitches, approximately
UAS, a skin incision was made from the midline of th%.3—0.5 cm apart, with 3-O sille: Lower abdominal surgery (LAS). A

abdomen (linea alba), starting 1 cm below the xiphoighnsverse skin incision was made at the level of the inguinal region,
cartilage and running parallel to the subcostal line, approxierpendicular to the midiine of the abdomen, extending approximately 1
mately 2 cm in length. The wound was deepened to t§& from the midline (linea alba) on each side. The incision wound was
peritoneal cavity to expose the underlying liver and intesting®ePened to the peritoneal cavity to expose the underlying bladder and
The wound was then sutured in Iayers with 3-O silk. Finallgkt_estme. Finally, the yvound was sutured in layers with 3-O silk and the
) - - . in sutured as described above.

the skin was closed with four stitches, approximately 0.3—
0.5 cm apart (3-O silk). In LAS, a transverse skin incision
was made at the level of the inguinal region, perpendiculéw/v) sodium chloride solution) or saline was infused into
to the midline of the abdomen, and extended approximatehe conscious animals from a continuous drug infusion
1 cm from the midline (linea alba) on each side. Thballoon catheter (40 ml/24 h, Mitsuya, Osaka, Japan)
incision wound was deepened to the peritoneal cavity tmnnected to the jugular vein cannula by a PE-50 tube. The
expose the underlying bladder and intestine. Finally, thiate of morphine infusion was 2 mg ¥gh™! and the
wound was sutured in layers with 3-O silk; the skin waduration of infusion was 8 h.
sutured as described above. All surgical procedures wereThe antinociceptive effect was measured using an infrared
completed within 15 min. Rats in groups V and VI did nothermal tail flick test (7371, Ugo Basile, Italy). Latency
undergo surgery but diethyl ether anaesthesia was giverftom the time of stimulus to tail flick (TF) was assigned as
these rats. response latency. Radiant heat was set to provide a pre-

After anaesthesia or surgery, or both, the rats wedsug latency of 2—4 s. To prevent tissue damage, a 10-s
allowed 30 min to recover. Morphine (dissolved in 0.9%ut-off time was set. A tail flick test was performed before
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catheterization and was repeated the day after catheterizatighte 1 Tail-flick (TF) latencies (s) measured in rats before (BIC) and after
AIC) i.v. catheterization (mearsg))

to exclude the effect of catheterization on the nocicepti\59

response. On the day of the experiment, tail flick latencies TE (BIC) TE (AIC)
were measured 10 min before and 30 min after medicatior;

Control 2.42 (0.69) 2.62 (1.04)
and then every hour for 8 h. Effects were expressed 8Sber abdominal surgery 2.58 (1.00) 2.47 (0.48)
percentage of the maximal possible analgesia (%MPA): Lower abdominal surgery 2.68 (0.31) 2.33 (0.83)

%MPA=((response latency—baseline latency)/ (cut-off
latency—baseline latencyy)100%.

. . mGpl,LAS+M
After testing, time—-response curves were constructed a 0 Gp I, LAS +S
the antinociceptive effect was expressed as area under A Gp lll, UAS +M
time-response curve (AUC). The AUC above pre-te A A GplV,UAS +§
baseline values was calculated by trapezoidal approximati 120 ®GpV,C+M
. o GpVl,C+S
for each rat from O to 8 h.
100+
Pharmacokinetic study sod LA~
Rats were allocated randomly to one of three groups (
15 in each group): group 1 received LAS and i.v. morphir & 607
infusion; group 2 received UAS and i.v. morphine infusior E 40-
and group 3 received i.v. morphine infusion alone. Th 1 1
surgical procedures and morphine infusion were the sai 207 ‘L
as described in the pharmacodynamic study (groups |, | (1] s ""T
V). All rats received diethyl ether anaesthesia. Thirt (20)
minutes after the end of anaesthesia, morphine was infus "0 2 4 6 8
Blood (1 ml) was collected from rats in each group b Time (h)
direct cardiac puncture at 1 min before infusion of morphir
and at 1, 2, 4 and 8 h after the start of infusion. During tr EGpl, LAS+M
study, each rat received only one puncture and three rats B N Gplll, UAS + M
each group were used for blood collection time. Plasn 500007 [JGpV,.C+M
was obtained by centrifugation and frozen immediately 1 - *ok
—20°C until assay. Plasma concentrations of morphine we 40 0007 T T
measured using a modification of the method of Svenssor £

This method uses high pressure liquid chromatography w & 300001
electrochemical detection. The detection limit of the methc I
was 100 pg mitt with coefficients of variation of 7.4%, Q 200007

9.6%, 8.0% (within-day) and 10.7%, 9.8%, 5.7% (betweel<
day) at 0.25, 2.5 and 25 ng Tl respectively. In this 10 0004
assay, morphine can be distinguished from its metabolite
morphine-3-glucuronide and morphine-6-glucuronide. 0-

Statistical IVsi Fig 2 Analgesic effect of morphine or saline in surgically treated or
austical analysis control rats =12 in each group). Animals receiving upper (UAS) or

Results are expressed as mesm).(AUC betweeen groups lower (LAS) abdominal surgery were treated with morphine (M) 2 mg
and differences in plasma concentrations of morphir‘fgl h™1 or saline (S) i.v. infusion. Control (C) animals did not undergo

. surgery but were treated with morphine or saline infusienData are
between groups were analysed by the Kruskal-Wallis tegipressed as percentage of maximal possible analgesia (% EPBata

P<0.05 was considered _significant and a significadfe expressed as area under the response time curve (AUC), which was
decrease in AUC was considered as tolerance. obtained froma (groups I, Ill and V). Values are measn). Significant
differences from control group: P<<0.01. InA, Gp I, LAS+S; Gp IV,

UAS+S; and Gp VI, C+S are superimposed at approximately 0% (bottom
Results straight line).

In the pharmacodynamic part of the study, tail flick latencies

were not significantly different before and after catheteeffect which reached its maximum, on averageh after
ization in all groups on the day before morphine administrav. infusion (groups I, Ill and V) (Fig. &). In group V, the
tion (Table 1). On the day of the experiment, rats thanalgesic effects of morphine decayed gradually for 2 h
received saline infusion (groups II, IV and VI) did notafter infusion. In groups | and lll, the analgesic effects of
show any analgesic effects (Figa)2 Rats that received i.v. morphine decreased more slowly after reaching a maximum
morphine infusion demonstrated a significant analgedivel and were present for longer than in group V (Fig.
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8009 to morphine did not occur after repeated injections of a
high dose of morphine in the presence of formalin-induced
~ 2507 pain. Using an animal model of Freund's adjuvant or
E vehicle-injected rats allowed to self-administer i.v. morphine
o 2004 5 mg kgl on a 24 hiday schedule, Lyness, Smith and
5 Heavner demonstrated that arthritic rats self-injected signif-
g 1901 icantly less morphine than pain-free animHis.
) Clinically, opioids are used widely in the treatment of
£ 100 acute and chronic pain. However, the development of
5 MW Gpl,LAS+M ; .
2 tolerance to the analgesic effect of opioids rarely occurs.
i A Gplll,UAS + M .
50 © GoV G s M We found only one report on the possible occurrence of
pYh.L+ acute opioid tolerance in humans after a large dose of
0 0 T ) T 3 fentanyl (25ug kg™ given before surgers? Other reports
2 Time (h) stated that patients who receive morphine for persistent

Fig 3 Plasma concentrations of morphine. After i.v. infusion of morphing)ain do not deveIOD marked tolerarft@.® 20 Also,

(M) 2 mg kg b, the plasma concentration of morphine reached ipcreased morphine doses during chronic pain management
pseudo-steady state between 2 and 8 h in all animals. Each point indicdi@dy be caused by treatment events (such as surgery, invasive
mean 6p). There were no significant differences between the morphir@xploration, etc.) or disease progressiafr2%In our study,

and control groups (C) (using one-way analysis of variance). UAS aifle found that surgical pain significantly slowed the develop-
LAS=Upper and lower abdominal surgery, respectively. ment of morphine tolerance. This result is clinically valuable
88 these animal models are directly analogous to clinical
Postoperative patients; therefore, our results may also be
valuable in explaining some clinical phenomena.

2a). AUC values in groups | and Il were larger than th
in group V and AUC values in groups | and Il were no

significantly different (Fig. &). In previous studies, there was no suitable animal model

In the pharmacokinetic part of the study, plasma conce{b— - . .
: . represent the natural course of clinical pain, especially
trations of morphine reached a pseudo-steady state after |.v.

infusion from 2 to 8 h (Fig. 3). There were no Signiﬁcémpostoperatlve pain. Postoperative pain management is the

. ) . major work of the acute pain service; therefore, it is
differences between groups in plasma morphine concentra- : . :

. i . Important to develop suitable animal models which can
tions. This pharmacokinetic result suggests that the appegl

. - . -show the characteristics of clinical postoperative pain and
ance of acute morphine tolerance after i.v. morphine infusig - : i
) L allow clinical, pain-related problems to be studied. As
is not pharmacokinetic in nature.

animal models, such as formalin-induced pain and adjuvant-
. . induced arthritis, inadequately represent clinical pain, they
Discussion are not as well correlated with clinical conditions as our
Nociceptive stimuli, such as formalin-induced pain andnimal model. First, formalin and adjuvant are not clinically
adjuvant-induced arthritis, attenuate tolerance to morphineed and also they are not the causative agents of clinical
antinociceptiorf=11 14-18n our study, we also demonstratedpain. Second, the natural course of formalin-induced pain
that the appearance of surgical pain during administratimonly chemical-related and is not relevant to surgical pain.
of morphine significantly attenuated the development @&flso, adjuvant-induced arthritis may only partly represent
acute tolerance to morphine antinociception. clinical arthritis. Third, nociception of adjuvant-induced
Acute tolerance to the antinociceptive effect of morphinarthritis is not strong enough and did not consistently
may occur after a short period of morphine administratiomitenuate morphine tolerance in previous rep8yé.Our
in animals. For example, Abdelhamid and colleagues dermimal models of surgical pain are analogous to the clinical
onstrated a three-fold increase in thedgBf the antinocicep- patient with postoperative pain; therefore, they are different
tive effect of morphine, 4 h after s.c. injection of morphindrom those of previous animal models and are more suitable
100 mg kg? in mice!® Cox, Ginsburg and Osméh Ling for use in studies of clinical pain-related phenomena.
and colleaguésand Kissin and colleagu&s?? also found The reason why surgical pain attenuates acute morphine
that acute tolerance to morphine antinociception madglerance is not known. However, activation of the hypo-
develop within 8 h after i.v. infusion in rats. We alsahalamic—pituitary—adrenal (HPA) axis by stressful stimuli,
demonstrated that the antinociceptive effect of morphire direct treatment with ACTH (adrenocorticotropic hor-
decayed rapidly after a 2-h morphine infusion. In contragfjone) or corticosterone may attenuate the development of
morphine tolerance may not occur in rats treated witmorphine tolerancé-3!Surgical pain is a type of stressful
formalin injections into a pa#*® or adjuvant injection into stimulus and, therefore, we speculate that it may attenuate
a joint modeP 11 15Vaccarino and colleagues examined thacute morphine tolerance via activation of the HPA axis.
development of tolerance to morphine antinociception ifhe intensity of surgical pain may decrease with time and,
rats in the presence or absence of pain induced by dhwerefore, the endocrine responses to these painful stimuli
injection of formalin in paws. They found that tolerance may also decrease. In our study, we also speculate that
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morphine tolerance may eventually develop completely it3

Svensson ]JO. Determination of morphine, morphine-6-

a” groups In a tlme_dependent manner, desplte dlfferent gIUCUrOnide and nOrmOrPhine in Plasma and urine with hlgh-

treatments. But within the 8-h observation period, we
found that surgical pain significantly attenuated morphing,
tolerance.

In summary, using two animal models, upper and lower

performance liquid chromatography and electrochemical
detection. | Chromatogr 1986; 375: 174-8

Colpaert FC, Niemegeers CJE, Janssen PAJ. Nociceptive
stimulation prevents development of tolerance to narcotic

analgesia. Eur | Pharmacol 1978; 49: 335-6

abdominal surgery, we have explored the effect of postoped- Colpaert FC. Can chronic pain be suppressed despite purported

tive pain on the prevention of acute tolerance to morphine
antinociception in rats. We found that acute morphinla6
tolerance developed rapidly after i.v. infusion of morphine
alone and that co-treatment with upper or lower abdoming}
surgery during morphine infusion significantly attenuated
the development of tolerance to morphine antinociception.
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