
Lack of effect of naltrexone on the spinal

synergism between morphine and non steroidal

anti-inflammatory drugs

Hugo F. Miranda, Gianni Pinardi

�����������	 �������
 ���
 ������	 �� ��������
 ���������	 �� �����
 ���� �� ��
���
 ��������
 ������������ �


�����

Correspondence:  ��� �� �������
 �!����: ��������"�������������

Abstract:

To enhance analgesia, the combinatorial use of analgesic drugs with proven efficacies is a widely-used strategy to reduce adverse

side effects. The present study characterizes the antinociceptive interaction of intrathecal morphine co-administered with different

NSAIDs using isobolographic analysis.Antinoceptive activity was evaluated using a model for acute visceral pain, the writhing test

of mice. The possible involvement of opioid receptors in the mechanism of action of the intrathecal co-administration of morphine

and NSAIDs was investigated using the non-selective receptor antagonist naltrexone. The study demonstrated a synergistic antino-

ciception of intrathecal administered combinations of morphine with the following NSAIDs: diclofenac, ketoprofen, meloxicam,

metamizol, naproxen, nimesulide, parecoxib and piroxicam. The supra additive effect was obtained with very low doses of each drug

and it appeared to be independent of the COX-1 or COX-2 inhibition selectivity of each NSAID and was not significantly modified

by intrathecal naltrexone. The findings of the present work suggest that the combination of opioids and NSAIDs has a direct action

on spinal nociceptive processing, which may be achieved via mechanisms that are independent of the activation of opioid receptors.

The ineffectiveness of naltrexone to reverse the analgesic activity of opioids + NSAIDs combinations indicates that other complex

pain regulatory systems are involved in this effect.
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Introduction

Opioids and non steroidal anti-inflammatory drugs

(NSAIDs) are principal agents used to alleviate acute

and chronic pain. Morphine is a prototypical opioid

and has been used in medicine for centuries; it is not

only one of the most effective analgesic known, but is

also a highly addictive drug of abuse [28]. Many anal-

gesic drugs potentiate the antinociception induced by

morphine in several models of pain [31]. For exam-

ple, in a model of visceral pain, metamizol treatment

showed synergism with morphine analgesia [17]; with

a similar effect, being obtained in the formalin test

[1]. Moreover, the combination of morphine and di-

clofenac was shown to be synergistic in acute inflam-

matory pain [4]. A synergistic antiallodynic effect of

spinal morphine and ketorolac has also been reported

in nerve injured models in rats [12], and more re-

cently, morphine combined with different NSAIDs

showed a supra-additive antinociceptive interaction
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(synergy) in a model of visceral pain in mice [15, 16].

However, the management of pain remains a major

challenge for medicine.

The clinical importance of these synergistic combi-

nations is evident, since NSAIDs are included in step

3 of the World Health Organization ladder for pain

treatment together with opioids. In addition, if the si-

multaneous administration of morphine and NSAIDs

is recommended, the adverse effects might be reduced

if the combinations are synergistic, thus allowing for

lower doses. The involvement of opioid receptors in

these interactions has not been studied, with the ex-

ception of the work of Miranda et al. [17], in which

the non-selective opioid antagonist naltrexone and the

combination of morphine and NSAIDs was adminis-

tered through the intraperitoneal route. Furthermore,

morphine and non-selective NSAIDs combinations

were found to be synergic when administered in-

trathecally in mice [15, 19].

The present study is a complementary work to

a previous report [15], intending to further character-

ize the antinociceptive interactions of morphine and

NSAIDs in the spine and the possible involvement of

opioid receptors, using an acute model of visceral

pain in mice. The NSAIDs used were selected on the

basis of their mechanism of action related to the prop-

erties regarding COXs inhibition. The following

COX-1 inhibitors were used: diclofenac, ketoprofen,

naproxen and piroxicam. COX-2 inhibitors selected

were: nimesulide, meloxicam and parecoxib and

metamizol was selected as a COX-3 [29, 31].

Material and Methods

Animals

Male CF-1 mice (29 ± 2 g), housed in a 12 h light-

dark cycle at 22 ± 1°C, with access to food and water

were used. Experiments were performed in accor-

dance with current guidelines for the care of labora-

tory animals and ethical guidelines for investigation

of experimental pain approved by the Animal Care

and Use Committee of the Faculty of Medicine, Uni-

versity of Chile. Animals were acclimatized to the

laboratory for at least 2 h before testing, were used

only once during the protocol and were euthanized

immediately after the algesiometric test by cervical

dislocation. The number of animals was kept at

a minimum compatible with consistent effects of the

drug treatments, usually 6 to 8 animals per group.

Drugs

The following NSAIDs were freshly dissolved in

a slightly hyperosmotic solution of glucose (6%) to

limit diffusion and were kindly provided by local

pharmaceutical companies: diclofenac by Novartis

Chile S.A., ketoprofen by Rhone-Poulenc Rorer; me-

loxicam and naproxen by Laboratorios Saval S.A.,

metamizol by Sanderson S.A.; nimesulide by Grünen-

thal Chile Ltda., parecoxib and piroxicam by Pfizer

Chile. Morphine hydrochloride and naltrexone hydro-

chloride purchased from Sigma Chemical Co, St.

Louis, MO, USA. Dosages are expressed using the

molecular weight of the salts.

Intrathecal injections

As previously described, for intrathecal (it) injections

the animals were restrained manually and a 50 µl

Hamilton syringe with a 26-gauge needle was inserted

into the subdural space between L5 and L6 [9]. The

doses were administered in a constant volume of 5 µl,

dissolved in a slightly hyperosmotic solution of glu-

cose (6%) to limit rapid diffusion of the drug to higher

levels of the spinal cord. The withdrawal of the tail

during the insertion of the needle is indicative of

a successful it location. Control animals (6% glucose)

were run interspersed with the drug-treated animals.

Antinociception assay

Antinociception activity was assessed using the writh-

ing test, a chemically-inducible acute visceral pain

model. Mice were injected ip with 10 ml/kg of 0.6%

acetic acid solution, 15 min after the it administration

of drugs, a time, which preliminary experiments indi-

cated was the time point for the maximum effect.

A writhe is characterized by a wave of contraction of

the abdominal musculature followed by the extension

of the hind limbs. The number of writhes in a 5 min

period was counted, starting 5 min after acetic acid

administration. Antinociceptive activity was expressed

as the percent inhibition of the number of writhes ob-

served in control animals (19.7 ± 0.31, n = 72).
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Experimental protocol

Dose-response curves for morphine, diclofenac, keto-

profen, meloxicam, metamizol, naproxen, nimesulide,

parecoxib and piroxicam were obtained using at least

six animals for each of four doses. A least-squares lin-

ear regression analysis of the log dose-response curve

allowed the calculation of the ED50, defined as the

dose that produced 50% of antinociception for each

drug. A dose-response curve was also obtained via the

coadministration of morphine with each NSAID in

combinations with fixed ratios based on fractions of

their respective ED50 values: 1/2, 1/4, 1/8, 1/16 (ratio

values given in Tab. 2). Isobolographic analysis was

used to determine drug interactions. To assess the par-

ticipation of µ-opioid receptors in the antinociceptive

interaction of morphine and NSAIDs, mice were pre-

treated it with 30 µg/mouse, naltrexone administered

in a constant volume of 5 µl, 15 min before the admini-

stration of the combinations. Naltrexone is a nonselec-

tive-µ-preferential opioid receptor antagonist that has a

longer duration of action than naloxone [21].

The method for isobolographic analysis has been

described previously in detail [15–17]. Supra-

additivity or synergistic effect is defined as the effect

of a drug combination that is higher than and statisti-

cally different (ED50 significantly lower) from the

theoretical calculated equieffect of a drug combina-

tion with the same proportions. If the ED50s are not

statistically different, the effect of the combination is

additive and additivity means that each constituent

contributes with its own potency to the total effect

[24]. The interaction index is calculated as experi-

mental ED50 / theoretical ED50; if the value is close to

1, the interaction is additive. Values lower than 1 are

an indication of the magnitude of supra-additive or

synergistic interactions and values higher than 1 cor-

respond to sub-additive or antagonistic interactions

[23, 24].

Statistical analysis

The results are presented as ED50 values ± SEM or

95% CL. The statistical difference between theoreti-

cal and experimental values was assessed by Stu-

dent’s t-test for independent means. The statistical

program used for isobolographic analysis was Pharm

Tools Pro, version 1.27 (The McCary Group Inc.),

based on procedures from Tallarida [23]. Differences

with values less than 0.05 (p < 0.05) were considered

significant.

Results

Antinociception induced by M and NSAIDs

The it administration of morphine induced a dose-

dependent antinociceptive effect with an ED50 value

of 0.054 µg/mice in the acetic acid writhing test. The

it administration of COX-1 inhibitors diclofenac, ke-

toprofen, naproxen and piroxicam produced dose-

dependent antinociceptive effects with different po-

tencies, ranging from 12.9 µg/mice for diclofenac to

25.8 µg/mice for ketoprofen, as can be seen in Table

1. Interestingly, when the COX-2 inhibitors meloxi-

cam, nimesulide and parecoxib were administered it

in the same test, a dose-dependent analgesia was pro-

duced. The values of the ED50 ranged between

6.3 µg/mice for meloxicam to parecoxib (18.6 µg/mice)

a pro-drug of valdecoxib [25]. These results are

shown in Table 1. Finally, the it administration of the

COX-3 inhibitor, metamizol induced a dose-related

antinociceptive effect with an ED50 of 24 µg/mice, in

the writhing assay as shown in Table 1. The it admini-
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Tab. 1. #$
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Drugs ED�� µg/mice it (CL)

Morphine 5.4 (0.027–0.0102)

Meloxicam 6.3 (5.7–7.5)

Nimesulide 8.7 (6.3–11.3)

Diclofenac 12.9 (12.1–14.4)

Naproxen 14.4 (11.1–18.6)

Piroxicam 15.3 (12.6–18.6)

Parecoxib 18.6 (12.9–28.2)

Metamizol 24.0 (12.02–46.54)

Ketoprofen 25.8 (18.30–33.53)
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stration of the different drugs did not induce motor

disturbances.

Isobolographic analysis of interactions

and the effect of naltrexone

The antinociceptive activity of the it coadministration

of morphine with each NSAID at the fixed ratio of 1:1

of the corresponding ED50 values was assessed by

isobolographic analysis of the dose-response curves.

The isobolograms indicated that strong synergistic in-

teractions occurred between morphine and the COX-1

inhibitors diclofenac, ketoprofen, naproxen and pi-

roxicam, as shown in Fig. 1. This synergism was also

seen in isobolographic analysis of the combination of

morphine with the COX-2 inhibitors meloxicam, ni-

mesulide and parecoxib, shown in Fig. 2. The synergy

was also present when morphine was co-administered

with the COX-3 inhibitor metamizol (Fig. 2).
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Fig. 1. ���/�������� �� ��� ����������� �������������� �� ��� ���/���!
����� ���+���� 0 ���������� (A*1 ���+���� 0 .���+����� (B*1 ���!
+���� 0 ��+����� (C* ��� ���+���� 0 +�������� (D*� ������ �������
������+��� �� ����������� #$�� ,��� %&' ���������� ������1 �+�� ���!
���� ������+��� �� ��+��������� #$�� ,��� %&' ���������� ������
��� /���. �2����� ������+��� �� ��+��������� ������ �/������ ��
��� +������� �� ����������� ��������� ��� �/������� ��� �� 3�4����

Fig. 2. ���/�������� �� ��� ����������� �������������� �� ���
���/�������� ���+���� 0 ���������� (A*1 ���+���� 0 ���������
(B*1 ���+���� 0 +�������/ (C* ��� ���+���� 0 ������5�� (D*� ������
������� ������+��� �� ����������� #$�� ,��� %&' ���������� ������1
�+�� ������� ������+��� �� ��+��������� #$�� ,��� %&' ����������
������ ��� /���. �2����� ������+��� �� ��+��������� ������ �/������
�� ��� +������� �� ����������� ��������� ��� �/������� ��� ��
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All of the combination of morphine with NSAIDs

resulted in synergistic interactions of different magni-

tude and the interaction index of the combinations

demonstrated the following rank order: morphine +

parecoxib > morphine + naproxen > morphine +

metamizol > morphine + diclofenac > morphine + pi-

roxicam > morphine + meloxicam > morphine + ni-

mesulide > morphine + ketoprofen (Tab. 2). Table 2

also shows that the dose of morphine in the equianal-

gesic fixed ratios used in the combinations ranged

from 1,500 to almost 5,000 times less than the dose of

NSAIDs.

The pretreatment of mice with 30 µg/mouse of

naltrexone administered it 15 min before the admini-

stration of the ED50 of morphine significantly antago-

nized the antinociceptive effect, but this was not able

to affect the antinociception induced by the ED50 of

NSAIDs. Intringuingly, when morphine and NSAIDs

were co-administered, the synergistic nature of the

combinations was not affected by it pretreatment with

naltrexone. These results are shown in Figures 1 and 2

and Table 2.

Discussion

In agreement with previous reports, the work in this

paper demonstrated that the intrathecal administration

of several NSAIDs or morphine produces analgesia in

a tonic pain model, namely, the acetic acid writhing

test of mice [15, 20]. In addition, the intrathecal ad-

ministration of the combination of preferential

cyclooxygenase-2 (COX-2) inhibitors with morphine

resulted in significant antinociceptive synergy, con-

firming our previous report with non selective inhibi-

tors [15].

All of the NSAIDs tested in this study are fre-

quently used in Latin America as over-the-counter an-

algesics. The synergistic effects observed with the

combinations are in agreement with previous findings

in which the non-selective COXs inhibitors naproxen,

piroxicam, diclofenac and ketoprofen [15], the prefer-

ential COX-2 inhibitors rofecoxib [4], nimesulide and

meloxicam [17], the preferential COX-1 inhibitor ke-

torolac [14] and the COX-3 inhibitor metamizol [15]

were administered intraperitoneally or subcutane-

ously. The present work includes the COX-2 preferen-

tial inhibitors nimesulide, meloxicam and parecoxib

which were administered via the intrathecal route.The

finding that parecoxib, the pro-drug of the selective

COX-2 inhibitor valdecoxib [25], is effective when

given it is in agreement with our previous findings

[19] and suggests that this prodrug can be hydrolyzed

to a certain extent in the spinal cord. Indeed, cyto-

chrome oxidase activity is present in neurons and glial

cells of the spinal cord in various mammalian species

[6, 11, 22, 30].

The main finding of the present study is the inabil-

ity of intrathecal naltrexone, a more potent µ-prefere-

ntial opioid receptor antagonist with longer action

than naloxone [21], to change the nature of the syn-

ergy displayed by the it combinations of morphine

and NSAIDs. The exact mechanism of the synergy is

not clear and may possibly be due to presynaptic inhi-

bition of the release of excitatory neurotransmitters in

the dorsal horn. Moreover, it may be due to reduced

activation of prostanoid receptors found in laminae I

and II of the spinal cord, most likely on primary affer-

ent terminals [10]. However, it does not appears to de-

pend only on morphine-activated pathways in the spi-

nal cord or at supraspinal sites, since these are medi-

ated mainly by the activation of µ opioid receptors

[7]. In addition, the antagonistic activity of naltrexone
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Tab. 2. ����������� ����� ��� ����� �� ��� ����������� (it* ��������������
�� ��� ���/�������� �� &
6 3�4���� �� ���+���� (�* 0 ��� ���������
����!�����������	 ����� (3�4����* /����� ��� ����� it ����������
(7� 3�4����* �� ��� ,������� ���� �� ����

Drug combination
(µg/mice)

Interaction Index Ratio

Before
naltrexone

After
naltrexone

M:NSAID

M + Parecoxib 18.6 0.345 0.394 1 : 344

M + Naproxen 14.4 0.353 0.436 1 : 267

M + Metamizol 24.0 0.417 0.396 1 : 444

M + Diclofenac 12.9 0.440 0.513 1 : 239

M + Piroxicam 15.3 0.459 0.395 1 : 283

M + Meloxicam 6.3 0.500 0.276 1 : 117

M + Nimesulide 8.7 0.512 0.437 1 : 161

M + Ketoprofen 25.8 0.570 0.401 1 : 477

8�� ����������� ����� /����� ���������� �� ������ �� ��������� ������
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is different when the combinations of morphine + NSAIDs

are administered ip or it. This, argues against the pre-

vious notion of a supra-additive interaction of mor-

phine with NSAIDs administered ip and suggests that

it may be an additive or sub-additive interaction [17].

Systemic NSAIDs administration has an important ef-

fect on structures of the CNS that control descending

pain inhibition system, such as the periaqueductal

gray matter and the nucleus raphe magnus [27]. On

the other hand, intrathecal morphine exerts its antino-

ciceptive action by involving supraspinal and spinal

opioid receptors [7]. The antinociception induced by

it morphine in the present work is antagonized by

naltrexone, which is not able to significantly affect the

synergistic effect of morphine + NSAIDs combina-

tions. The difference in the effect of naltrexone could

be mainly due to the intrathecal administration in hy-

perosmotic solutions, which limits its actions to

a large extent in the spinal cord.

NSAIDs inhibit COXs and there are isoforms of

this enzyme that may have differential affinities for

specific NSAIDs. Potential differences in COX-1 or

COX-2 selectivity among the NSAIDs [29] may re-

sult in important differences in the antinociceptive ac-

tivity of drug combinations. The presence of constitu-

tive COX in neurons of all laminae in the spinal cord,

particularly in the superficial layers [29, 32], may ex-

plain for the acute antinociceptive effect of intrathecal

COX inhibitors.

Other modulatory pathways may be involved in the

antinociceptive activity of the combinations of mor-

phine and NSAIDs. The NO-cGMP pathway is clearly

involved in nociceptive processing [8] and the activa-

tion of the system has been suggested to be the target

for the analgesic effect of morphine [5], metamizol

[13], meloxicam [2], paracetamol [3] and diclofenac

[18]. Even if in the present work no NO inhibitors

were tested, the modulatory role of this pathway in

the spinal cord on the synergism between it morphine

and NSAIDs cannot be excluded, since activation of

the NO-cGMP pathway at this level seems to induce

antinociception [8]. This deserves further study.

The exact mechanism of the synergy remains un-

known, but it seems to be a complex mechanism that

may involve other systems, such as serotonergic, ad-

renergic or cholinergic receptors and pathways. The

findings of the present work suggest that combina-

tions of opioids and NSAIDs in low doses have direct

effects on spinal nociceptive processing, which may

be achieved by mechanisms of action independent of

the activation of local opioid receptors. The ineffec-

tiveness of naltrexone to reverse the analgesic activity

of combination of opioids/NSAIDs indicate that other

complex pain regulatory systems are involved. The

synergism reported in this study may potentially aid

future clinical pain treatment.
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