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Fig 1  Effects of opioid agonist and antagonist on NOS activity after chronic exposure of NG LNCXiNOS cells
to DPDPE, DADLE and morphine. The NG LNCXiNOS cells were pretreated with various concentrations of
opioid agonists, DPDPE( A) , DADLE( B) and morphine ( C) , for 48-hours as described in “ materials and

methods” .

Opioid agonist group( ® —®) represents 3H- Cit formation in the presence of the corresponding

agonist. Opioid agonist + Naloxone group( ©—°) represents NOS activity in the presence of naloxone after
chronic treat ment with various opioid ligands . After re moval of preincubation medium, the cells were incubated

in the medium containing naloxone 10 pmol* L' at 37 C for 15 minutes
n=3~5, x%ts.  P<0.05, " P<0.0l compared with corresponding control
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Fig 2 Chronic effeects of various concentrations of
NOcGMP DPDPE on iNOS activity in native and iNOS gene-
y g
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Fig 3~ Western blot analysis of iNOS protein expression from iNOS gene-transfected cells pretreated with

control(lane 1) , DPDPE alone(lane 2) , DPDPE combined with - NNA(lane 3)
A. SDS-PAGE electrophoresis; B. Western blot analysis; C. Laser density scanning analysis. Control( [) ;
DPDPE( W) ; DPDPE + - NNA( &)
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Fig 4 Concentratiomr response curve of ¢cGMP accumulation in NG LNCXiNOS cells after chronic exposure to
various opioid agonists in the absence or presence of naloxone. The NG LNCXiNOS cells were pretreated wit
various concentrations of opioid agonists, DPDPE( A) , DADLE( B) and morphine( C) , for 48-hours as described

in “

materials and methods” .

Opioid agonist group ( ® —*®) represents cGMP level in the presence of the

corresponding agonist. Opioid agonist + Naloxone group( ™ —®) represents cGMP content in the presence of
naloxone after chronic treat ment with various opioid ligands . After re moval of preincubation medium, the cells

were incubated in the medium containing 10 pumol* L' naloxone at 37 C for 15 minutes. n=3 ~5, x *s.
" P<0.05, " P<0.0l compared with corresponding control
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UP REGULATION OF NOcGMP SIGNAL TRANSDUCTION SYSTEM
IS INVOLVED IN THE BIOLOGICAL MECHANISMS OF
OPIATE TOLERANCE AND W THDRA WAL

ZANG Meng wei, MENG Ar min, SHEN Qi, WANG Qing, GUO Fei, LIU Jingsheng
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and Peking Union Medical College, Beijing 100005, China)

ABSTRACT': AIM To determine the effect of chronic treat ment with opioid agonists on NO ¢GMP signal
system on the basis of successful establishment of a NG LNCXiNOS cell line expressing iNOS ¢DNA and a cell
model of opioid tolerance and naloxone- precipitated withdrawal . METHODS NOS activity and cGMP content
were determined by the conversion of TH Arginine to ’ I Citrulline and radioi mmunoassay , respectively .
Western blot analysis and NADPH diaphorase ( NADPH-d) histoche mical assay were used to detecte the level of
iNOS gene expression and NADPH- d activity which is a histoche mical marker for NOS. RESULTS Long term
exposure of NG LNCXiNOS cells to various opioid agonists enhanced the cytosolic iNOS activity , accompanying
the increase in intracellular cGMP content in a dose-dependent manner. The order of potencies was DPDPE >
DADLE > morphine. The EG, values of the above indicators were nmol® L’ " level . When naloxone induced cell
withdrawal, the iNOS activity and cGMP level were dramatically higher than those with agonists alone .
Pretreat ment of the cells with the more efficacious &ligand ( DPDPE) for 48 hours also may lead to high-level
expression of iNOS protein and elevate the number of NADPH diaphorase positive cells. CONCLUSION
Chronic opioid treatment was shown to up regulate the NOcGMP signal pathway, which may reflect an
important bioche mical change accounting for development of tolerance to and dependence on opiate . Thus, NG
LNCXiNOS cells provide a suitable system for studying the relationship between ACcAMP and NG cGMP
signal system on the molecular mechanisms of opiate tolerance and dependence .

KEY WORDS: &opioid receptor; opiate dependence; nitricoxide synthase; cyclic GMP; signal
transduction





