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Abstract

This study was designed to investigate the possible participation of morphine in pulmonary oedema induced by a-naphthylthiourea

(ANTU), which is a well-known noxious chemical agent in the lung. Injection of ANTU (15 mg/kg i.p.) produced pulmonary oedema as

indicated by an increase in lung weight/body weight ratio and pleural effusion reaching a maximum within 4 h in rat. Administration of

morphine prior to ANTU significantly inhibited to pulmonary oedema with a dose-dependent manner. The protective effect of morphine is

prevented by peripheral opioid receptor antagonist, naloxone methiodide. ANTU-treated rats were shown positive by inducible nitric oxide

synthase immunohistochemical staining. There was no staining in the control group. On the other hand, the degree of staining was markedly

reduced in tissue sections by morphine. These results suggest that previous administration of subcutaneous morphine has preventive effect on

ANTU-induced pulmonary inflammatory reaction and its effect mediated via peripheral opioid receptors. Application of naloxone with

ANTU has no effect on the lung parameters indicating that endogenous opioids do not modulate ANTU-induced damage.

D 2005 Elsevier B.V. All rights reserved.

Keywords: a-Naphthylthiourea; Morphine; Naloxone methiodide; Pulmonary oedema; Inflammation
1. Introduction

Alpha-naphthylthiourea is a chemical agent largely used

as a rodenticide which produces a dose and time-dependent

inflammatory reaction characterized by pulmonary oedema

secondary to permeability changes in the lung micro-

vasculature (Richter, 1952). Morphological studies with
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light and electron microscopy indicate that the capillary

endothelial cell of the lung is the primary cellular target of

ANTU toxicity (Cunningham and Hurley, 1972; Meyrick et

al., 1972). Injury to the endothelium appears as blebbing

and scalloping of the cell surface with eventual loss of the

endothelial barrier. This loss of endothelial barrier integrity

results in increased capillary permeability and the produc-

tion of an interstitial and alveolar oedema (Pine et al., 1976).

The exact mechanisms of ANTU on pulmonary tissue are

not clearly demonstrated. It has been speculated that

vasoactive substances originating from the pulmonary

vascular bed and airways may contribute to the pulmonary
logy 511 (2005) 183–189
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oedema induced by ANTU. This damage has been shown to

be partially mediated through arachidonic acid metabolites

(Pankhania and Bakhle, 1982). Following i.v. injection of

radiolabeled ANTU, covalent binding to macromolecules is

observed in the lung and liver and desulphuration of this

toxic compound produces reactive molecules. ANTU is also

partially metabolized by cytochrome P450 monooxygenase

in both liver and lung microsomes to an intermediate which

is also capable of covalent binding (Hardwick et al., 1991).

We have recently shown the protective effects of endothelin

peptides and nitric oxide synthase inhibitors on ANTU

induced pulmonary oedema (Sipahi et al., 1996, 1997).

Many anesthetic agents modulate the lung inflammatory

responses via affecting the vascular endothelium and muscle

functions (Sipahi et al., 2002). Although the traditional view

is that morphine is an anti-nociceptive by actions in the

central nervous system, but it is now clear that morphine is

effective peripherally in the presence of tissue injury and

inflammation (Sengupta et al., 1999). Endogenous opioids

have been shown to have anti-inflammatory properties in

humans (Brix-Christensen et al., 1997). In the same way it

has been shown that morphine treatment reduced paw

inflammation by the carrageenan injection (Gyires et al.,

1985) and adjuvant-induced arthritis in rats (Walker et al.,

1996) and peritoneal inflammation in response to thiogly-

collate injection in fish (Chadzinska et al., 1997).

Opioid receptors have been identified in rat lung, and

activation of these receptors may alter cell function and

immune responsiveness in this tissue (Cabot et al., 1994,

1996). While there are numerous scientific publications on

the influence of morphine on the motor aspects of

respiratory function (Munjal et al., 1995; Chang and

Voelkel, 1986), little work has examined the effects of

opioids on pleural effusion and pulmonary oedema. The

aims of the present study were to investigate the dose-

dependent effects of systemic morphine in an acute

inflammatory model by using ANTU-induced oedema in

rat and evaluate the effects of systemic morphine on

inducible nitric oxide synthase tissue activity.
Table 1

Study groups are listed below

Groups Chemicals

1 Olive oil i.p.

2 ANTU (15 mg/kg) i.p.

3 ANTU+morphine (1 mg/kg)a i.p./s.c.

4 ANTU+morphine (2 mg/kg)a i.p./s.c.

5 ANTU+morphine (4 mg/kg)a i.p./s.c.

6 Naloxone (1 mg/kg)+olive oil s.c./i.p.

7 ANTU+naloxone (1 mg/kg)a i.p./s.c.

8 ANTU+naloxone (1 mg/kg)a+morphine

(2 mg/kg)a
i.p./s.c./s.c.

9 ANTU+naloxone (2 mg/kg)a+morphine

(2 mg/kg)a
i.p./s.c.

10 Naloxone methiodide(10 mg/kg)+olive oil s.c./i.p.

11 ANTU+naloxone methiodide(10 mg/kg)a i.p./s.c.

12 ANTU+naloxone

methiodide(10 mg/kg)a+morphine (2 mg/kg)a
i.p./s.c.

a All these treatments were made 30 min before ANTU injection.
2. Materials and methods

2.1. Assessment of pulmonary oedema

Experiment was carried out on albino rats of either sex

weighing 190–230 g obtained from the animal laboratory of

Zonguldak Karaelmas University. They were housed under

standard laboratory conditions with 12 h light/12 h dark

cycle and allowed free access to food and water. All

procedures and protocols were in accord with our institu-

tional guideline, which is similar to dGuide for the Care and
Use of Laboratory Animals (US National Institute of Health,

revised 1985)T.
During the experimental procedure, the animals were

placed in separate cages and kept at room temperature (22
8C). ANTU (suspended in olive oil 4 mg/kg) was injected

intraperitoneally (i.p.) at the dose of 15 mg/kg. The control

group received olive oil alone at the same volume. Four

hours later, the animals were anesthetized with urethane (1.5

g/kg, S.C.) and were bled by cutting the carotid artery. The

thorax was opened and pleural effusion was carefully

collected by suction and measured volumetrically. Care

was also taken to eliminate blood contamination with

pleural effusion. The lungs were removed and all surround-

ing tissues were dissected and weighed with an analytical

balance. The volume of pleural effusion (PE) (as millilitre),

the lung weight/body weight (LW/BW) and pleural effusion/

body weight (PE/BW) ratios were calculated and considered

as an index of pulmonary oedema.

2.2. Experimental protocol

The animals were divided into 12 groups. All groups are

listed in Table 1.

2.3. Histological examination

For histopathological examination, the lungs were

immersed in 10% formalin and allowed for fixation during

3 days. All lobes of each lung were used for histological

examination. 10 Am cross-sections were processed for

standard haematoxylin and eosin staining (Sheehan and

Hrapchak, 1980). These sections were examined via a light

microscope and photographed.

2.4. Inducible nitric oxide synthase (iNOS) immunohisto-

chemical staining method in lung

Biopsy materials were fixed in 10% buffered form-

aldehyde and 3–5 Am sections were prepared from paraffin-

embedded tissues. All tissue sections transferred to slides.

After deparaffinization, tissue sections were boiled in 10 nM



Fig. 1. (A) Normal histological appearance of olive oil-treated rat lungs.

Section was taken from the middle lobe of the right lung. Haematoxylin–

eosin (H–E) stain �50. (B) Prominent perivascular, alveolar oedema,

thickening of alveolar septa and eosinophilic oedema fluid deposition after

ANTU treatment (H–E �50). Section was taken from the same place.
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Fig. 2. Figure represents the calculated results of lung oedema induced by

a-naphthylthiourea and alterations by morphine (1, 2, and 4 mg/kg),

naloxone (1 mg/kg)+morphine (2 mg/kg) and naloxone (2 mg/kg)+mor-

phine (2 mg/kg), as evaluated by the changes of lung weight/body weight

(LW/BW) ratio (A), pleural effusion (PE) (ml) (B) and pleural effusion/

body weight (PE/BW) ratio (C). Each column (except columns for olive oil

control (n=10) and a-naphthylthiourea (n=20)) shows the mean value of 8

experiments, vertical bars on the columns represent S.E.M. *Pb0.05.
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citrate buffer pH 6.0, for 10–20 min followed by cooling at

room temperature for 20 min. All slides were incubated with

primary antibodies (nitric oxide synthase, inducible-iNOS

Ab-1 Rabbit P Ab Neomarkers, Biogen Medical). The

avidin–biotin complex method was used for immunohisto-

chemically analysis.

2.5. Chemicals

The following chemicals were used in this study: a-

naphthylthiourea (Interchim) was suspended in olive oil (4

mg/kg); a gift from Dr. E. Schillinger, Schering AG, Berlin,

Germany. Olive oil and naloxone methiodide were pur-

chased from Sigma (St. Louis, MO, USA). Naloxone was

purchased from Abbott Laboratories (North Chicago, IL

60064, USA). Inducible nitric oxide synthase immunohis-

tochemical staining kit was purchased from Neomarkers

(Fremont, CA 94539 USA).

2.6. Statistical analysis of results

Results were expressed as meanFS.E.M. Comparisons

between groups were made using a Kruskall–Wallis non-

parametric analysis of variance, followed in case of

significance by a Mann–Whitney U-test. Pb0.05 was

accepted as significant.
3. Results

3.1. Effect of a-naphthylthiourea on pulmonary vasculature

On histopathological examination, ANTU triggered

severe pulmonary injury documented as perivascular,

peribronchial and alveolar septal oedema and, loss or whole

destruction of interstitial cellular elements (Fig. 1B). There

were no differences on histopathology changes, LW/BW

ratio, and PE parameters between control (247.9F
19.2�10�4) and olive oil-treated rats (PN0.05) (Fig. 1A).

A significant lung oedema was developed after 4 h i.p.

injection of ANTU. LW/BW ratio measured as 547.9F
42.8�10�4 for ANTU-treated rats while it was found to be

247.9F19.2�10�4 for olive oil-treated rats (Pb0.001) (Fig.



Fig. 3. (A) Reduced perivascular oedema and fluid deposition in alveoli

after pre-treatment with morphine (2 mg/kg) of an a-naphthylthiourea-

injected rat. Section was taken from the lower lobe of left lung (H–E �50).

(B) The reduction of oedema is more prominent and histopathological

changes returned to control lung by 4 mg/kg morphine (H–E �50). Section

was taken from the same place.
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2A). Although PE was measured as 2.43�0.26 ml in

ANTU-treated rats, PE was not observed in olive oil-treated

group (Fig. 2B).

3.2. The effect of morphine on a-naphthylthiourea-induced

oedema

Morphine administration prior to ANTU obtained a dose-

dependent amelioration in LW/BW ratio and PE. Morphine,
Fig. 4. The prophylactic effects of morphine in histopathological

examination are prevented by naloxone and histopathological changes

were observed like ANTU treated lungs (H–E �50).
at low dose (1 mg/kg), did not affect lung parameters

significantly. 2 mg/kg morphine has shown to significantly

decrease in PE and PE/BW ratio (Pb0.05). This dose of

morphine affect LW/BW ratio but this is not significantly

different. Morphine at dose of 4 mg/kg significantly

decreased the LW/BW ratio, PE and PE/BW ratio

(Pb0.05) (Fig. 2).

2 mg/kg morphine expressed prominent shrinkage in the

perivascular and peribronchial oedema and alveolar fluid

deposition (Fig. 3A). 4 mg/kg morphine completely

prevented ANTU induced pulmonary oedema histopatho-

logically (Fig. 3B).

3.3. Effects of naloxone, naloxone methiodide and combi-

nations with morphine on a-naphthylthiourea-induced

oedema

Naloxone alone has no deleterious effect on healthy lung

parameters. When injected 30 min before ANTU, it also did

not have any changes in the parameters (LW/BW:

515.5F31.6; PE: 117.75F10.57 and histopathological

examination). The prophylactic effect of morphine was

significantly and dose-dependently abolished by naloxone at

doses of 1 mg/kg and 2 mg/kg (Pb0.05) (Figs. 2 and 4).

In order to discriminate the mechanism of action of

naloxone, a peripheral opioid receptor antagonist naloxone
Fig. 5. (A) Immunohistochemical localisation of iNOS in the rat lung.

Staining was shown minimal only in vascular wall in control tissue. (B) At

4 h following ANTU injection, positive staining (dense cytoplasmic

granular staining in alveolar macrophage) for iNOS (nitric oxide synthase,

inducible, Rabbit Pab, Biogen) was observed.



Fig. 6. (A) There was a marked reduction in the immunostaining in the

lungs of ANTU-treated rats pre-treated with morphine. (B) The prophy-

lactic effects of morphine in iNOS expression are significantly prevented by

naloxone methiodide.
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methiodide was also used. Naloxone methiodide alone has

no influence on lung parameters (data not shown). The

prophylactic effect of morphine was also significantly

diminished (data not shown) by naloxone methiodide. The

prophylactic effects of morphine in histopathological

examination is also prevented by naloxone methiodide and

histopathological changes were observed like ANTU treated

lungs (data not shown).

3.4. Effects of ANTU, morphine and naloxone methiodide

on iNOS expression

INOS expression in the lungs was increased 4 h after

ANTU injection (Fig. 5). Pre-treatment with morphine

prevented iNOS expression induced by ANTU. On the

other hand, the prophylactic effects of morphine in iNOS

expression returned by naloxone methiodide and immuno-

histochemical changes were observed like ANTU treated

lungs (Fig. 6).
4. Discussion

Lung oedema characterized with the increase in LW/BW

ratio and PE was observed at 4 h after ANTU injection. Pre-

treatment with morphine decreased ANTU-induced lung

inflammatory response. It also decreased ANTU-induced
augmentation of inducible nitric oxide synthase expression.

The prophylactic effects of morphine on lung oedema and

iNOS expression were significantly inhibited by peripheral

opioid receptor antagonist naloxone methiodide.

It is clear that administration of opioids can have marked

effects on immunity, and studies have demonstrated the

immunosuppressive effects of opioids in humans and

animals (Louria et al., 1967; Brown et al., 1974; Briggs et

al., 1967; Olsson and Romansky, 1962; Hussey and Katz,

1950). The mechanisms of morphine effects on immuno-

modulation and inflammation are not clearly demonstrated.

Opioids can modulate immune cell proliferation, chemo-

taxis, superoxide and cytokine production, mast cell

degranulation, plasma extravasation and oedema (Bryant

and Holaday, 1993). Opioids may diminish the synthesis or

release of cytokines from macrophages and mast cells

(Bryant and Holaday, 1993) or suppress T-lymphocyte

function (Thomas et al., 1995), downregulate the expression

of adhesion molecules, and reduce the migration of immune

cells into the injured tissue (Wilson et al., 1998).

Opioids, though widely used as analgesia, have not been

seriously considered as therapy for inflammatory diseases.

Anti-inflammatory effects of morphine have been the

subject of several studies in recent years (Gyires et al.,

1985; Planas et al., 1995; Joris et al., 1990; Binder et al.,

2001; Perrot et al., 2001; Coussons-Read et al., 1999).

Endogenous opioids have been shown to have anti-

inflammatory properties in human (Brix-Christensen et al.,

1997), and beta-endorphin reduces the cutaneous inflam-

matory response to yeast injection in rodents (Sacerdote et

al., 1996). Our results concur with those obtained by other

investigators which have demonstrated an inhibitory effect

of exogenously administered opioids (morphine) on inflam-

mation, probably related to a poorly understood action on

inflammatory mediators. One of them, nitric oxide (NO) is

an important mediator in acute and chronic inflammation.

We have known that overproduction of NO due to the

expression of the inducible isoform of nitric oxide synthase

play an important role in various models of inflammation

(Moncada et al., 1991; Nathan, 1996; Cuzzocrea et al.,

1998). NO can react with superoxide anion to form

peroxynitrite, a potent oxidizing molecule capable of

eliciting lipid peroxidation and cellular damage (Lysle and

Carrigan, 2001; Rubbo et al., 2002). It has been shown that

large quantities of NO may contribute to carrageenan-

induced pleurisy in rats and selective iNOS inhibitors

inhibited carrageenan-induced paw oedema (Tracey et al.,

1995; Cuzzocrea et al., 1998). In our previous study, we

shown that nitric oxide synthase inhibitor l-NAME, NG-

nitro-l-arginine methyl ester, significantly inhibited ANTU-

induced lung damage dose dependently (Sipahi et al., 1997).

Consequently, we suggested that overproduction of NO

plays a role in ANTU-induced lung damage. In the present

study, we also found that morphine has a prophylactic effect

in ANTU-induced lung damage via inhibition of inducible

nitric oxide synthase expression. Recently the authors
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demonstrated that the metabolite of morphine, morphine-

6h-glucuronide, induces a pronounced reduction of iNOS

expression in lung and endogenous opioids regulate the

expression of inducible nitric oxide synthase (Lysle and

Carrigan, 2001; Lysle and How, 1999, 2000).

In this study, we used naloxone, a non-receptor-selective

opioid antagonist, in order to unmask the effects of

endogenously released opioids peptides during inflamma-

tion. When injected 30 min before ANTU, naloxone did not

have any changes in the parameters, indicating that

endogenous opioids do not modulate lung oedema induced

by ANTU.

The present study has demonstrated that opioids reduced

ANTU-induced oedema and plasma extravasation. Nalox-

one administration blocked the anti-inflammatory effects of

morphine. This result suggests that opioid receptors might

be involved in the anti-oedematous action of exogenously

administered opioid (morphine). Our results concur with

those obtained by other investigators which have demon-

strated blocking effect of naloxone on morphine induced

anti-inflammatory influence in different inflammation mod-

els (Joris et al., 1990; Lysle et al., 1993; Lembeck and

Donnerer, 1985). In order to clarify the receptor localisation

of opioid’s effect on ANTU-induced lung damage, we used

specific peripheral opioid receptors antagonist, naloxone

methiodide. The prophylactic effect of morphine was

significantly blocked by naloxone methiodide. These results

suggest that morphine pre-treatment have a prophylactic

effect on ANTU-induced lung inflammation in rats via

peripheral opioid receptors.

Some of prior works have shown that naloxone does not

reverse the effect of morphine or block the endogenous

opioids which is activated during inflammation (Gyires et

al., 1985; Kayser and Guilbaud, 1990; Kayser et al., 1988).

The controversy in literature regarding naloxone could

partly be due to the use of different inflammation models,

doses and animals. These findings clearly demonstrate the

need for the use of different tests and different doses in the

evaluation of the effects of opioids and naloxone in order to

clarify their roles in pulmonary oedema and pleural

effusion.

In conclusion, taken together with these data, the present

findings support the anti-inflammatory properties of mor-

phine. Our study demonstrates that morphine pre-treatment

has a prophylactic effect on ANTU-induced pulmonary

oedema in rats and the effect is mediated via peripheral

opioid receptors. However, further investigations are needed

to improve our knowledge about the anti-inflammatory

effects of morphine.
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