
Archives of Iranian Medicine, Volume 15, Number 7, July 2012404

Introduction

N itric oxide (NO) is a small, gaseous molecule which func-
tions as a neuronal messenger that diffuses easily across 
neuronal membranes.1 Nitric oxide synthase (NOS) acts on 

L-arginine to produce NO and L-citrulline.2 There are two forms of 
NOS, constitutive (cNOS) and inducible (iNOS). iNOS is ex-
pressed when it is induced by bacterial lipopolysaccharide (LPS) 
or some proin ammatory cytokines.3

Opioid drugs like morphine exert many of their well-known ef-
fects via the NO pathway. It has been shown that morphine up-
regulates NOS biosynthesis and affects its function by activating 
opioid receptors.4 NO can activate the enzyme guanylyl cyclase 
and generate cyclic GMP (cGMP) from guanosine triphosphate 
(GTP).5 In vitro studies have shown that morphine is able to in-
crease cGMP concentration.6 The NO-cGMP pathway may be 
involved in morphine-induced analgesia7 since administration of 
NOS inhibitors like NG-nitro-L-arginine (L-NNA) prevent mor-

phine analgesia.8 It has been shown that NOS inhibitors can pre-
vent the development of morphine tolerance 9 or block morphine-
induced CPP.10

The N-methyl-D-aspartate (NMDA) receptor is an important ex-
citatory amino acid receptor involved in many neuronal functions 
like synaptic plasticity and neuronal development.11 However, 
over-activation of NMDA receptors can result in neuronal excito-
toxicity and cell death.12 These ionotropic receptors are members 
of the glutamate receptor family and are highly permeable to Ca2+. 
In ux of calcium through the activated NMDA receptor channel 
leads to various actions, of which some occur through the initia-
tion of NO synthesis followed by continuous NO emission.13 In 
fact, in some areas of the central nervous system, NMDA receptors 
are co-localized in neurons that contain NOS.14 Studies have indi-
cated that NMDA receptor antagonists, similar to NOS inhibitors, 
can prevent some effects of morphine. For example, morphine-
induced tolerance, analgesia,15,16 and withdrawal17 can be inhibited 
by administration of NMDA receptor antagonists. Acquisition 
of morphine-induced CPP has been shown to be blocked by the 
NMDA receptor antagonist memantine.18

As mentioned above, the relation between NO production and 
morphine effects and also between NMDA receptors and morphine 
have been indirectly evaluated by researchers. However, studies 
investigating the direct interaction between morphine, NMDA and 
NO production in cell culture systems are limited. Clonal rat pheo-
chromocytoma (PC12) cells derived from chromaf n cells of the ad-
renal medulla are extensively used as a model system to study neu-
rons as they show a number of neuronal characteristics.19 Therefore, 
we have selected the PC12 cell line to study the effects of morphine 
and NMDA on LPS-stimulated NO production by these cells. This 
study has also evaluated the direct interaction between morphine and 
NMDA in PC12 cells with regards to the NO pathway. 
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  Abstract
Background: The role of nitric oxide (NO) in many well-known effects of morphine is well de ned. NO is involved in the signaling pathway 
of the N-methyl-D-aspartate (NMDA) receptor, which is proposed to mediate some of morphine’s effects. This research studies the effect of 
morphine and NMDA on lipopolysaccharide (LPS)-stimulated NO production by clonal rat pheochromocytoma (PC12) cells.
Methods: We used the Griess reaction to measure NO concentrations in cell culture medium. 
Results: PC12 cells that were incubated for 24 h with varying concentrations of morphine (0.1, 1, 10, 100, and 1000 M) plus LPS (1 g/ml) 
did not signi cantly alter the concentration of NO in the medium. However, NO production increased when cells were treated for both 48 h 
with 100 and 1000 M morphine and for 72 h with 10,100, and 1000 M of morphine. After 72 h, 1 M naloxone signi cantly decreased NO 
concentration. Naloxone, at doses of 0.1, 1, and 10 M prevented NO production by 1000 M of morphine. NMDA (0.1, 1, and 10 M) did not 
alter NO concentrations after 24, 48 or 72 h. Morphine (1 M)-induced NO production was inhibited by 10 M NMDA after 48 h. Inhibition of 
NO was also noted with1 and 10 M concentrations of morphine after 72 h.
Conclusion: Chronic treatment of PC12 cells with morphine signi cantly increases LPS-stimulated NO production via naloxone-sensitive 
receptors.The cells seem to release endogenous morphine in medium. NMDA does not affect NO production, which may be due to the lack 
of functional NMDA receptor expression in PC12 cells. 
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