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Introduction 
Nifric oxide is a short lived inter- and intracellular second messenger generaled by a family of 
enzymes known as nitric oxide synthases (NOSs) and brings about a number of biological 
functions' It was demonstrated that nitric oxide inhibited P450 dependent reaction when 
microsomal preparations were exposed to nitric oxide 2*. The effecis of nitric oxide on 
biotransformation are nol clearly understood although it was observed that CYP la l expression was 
suppressed transcriptionally after inflammatory stimulation '*. As in many other cdl types, an 
inducible nitric oxide synthase (/"NOS) was identified in hepatocytes upon stimulation with 
cytokines and endotoxin''*' "'. The inducible nitric oxide synthase (/"NOS) in hepatocytes was 
known to be regulated by lipopolysaccharide (LPS), inlerferon--y (IFN-y), tumor necrosis faclor-P 
(TNF-P) . The gene coding /"NOS has been cloned from human hepatocytes and expressed in 
heterologous system". Recenlly, it has been reported that hunian /"NOS gene is transcriptionally 
regulated by nuclear factor-kappa B (NF-KB) dependent mechanism^'. The 5' untranslated region 
ofthe /"NOS gene has been shown to contain three cis-demenls, firsl of which is IFN-y responsive 
region'', second of which is NF-KB responsive region'', and third of which is hypoxia responsive 
region, which is known as ; 'N0S-HRE' ' . It has been also reported that the transcriptional aclivalion 
of/"NOS by hypoxia requires HlF-la/Amt dimer proiein binding to ; 'N0S-HRE"" . This is distinct 
mechanism from the NF-KB mediated transcriptional aclivalion of/'NOS'". Iron supressed LPS 
stimulation of /"NOS, whereas iron chelator, desferrioxamine activated /"NOS, which might be a 
sirong indication of hypoxia-dependenl activation of/NOS '"'. Under the hypoxic condhion, nitric 
oxide inhibited the HlF-la activity eventhough, nitric oxide unchanged CYPlal mRNA level in 
HepG3 cells'". Since hypoxia and dioxin signal pathways are known lo be in competition to 
recruh Amt al the level of transcription, it is possible that nitric oxide and hypoxia cross-talk might 
exist for the regulation of Cyplal expression. In an attempt lo examine the cross-talk between 
hypoxia and nitric oxide on the inhibition of Cyplal transcription, we have designed experimental 
approach by cloning the mouse Cyp 5' fianking DNA (1.6 kb) into pGL3 and used pmCyp lal-Luc 
to transfect inlo Hepa 1 cdls. pmCyplal-Luc transfected Hepa 1 cells were Irealed with various 
iUOS inducers or hypoxic agents lo sludy the Cyplal transcription and luciferase activities were 
measured. 

Methods abd Materials. 
Cell culture and 
Hepa 1 (Hepa lclc7) mouse liver cell lines were transfected with pmCyplal-Luc and 
LipofecTAMlNE accordingto supplier's manual. 
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Chemical treatment 
Hepa I cells were rinsed with serum-free medium twice before the administration of various 
chemicals in serum free medium. Slock solutions of chemicals were made in DMSO as a vehicle 
and conlrol cells were Irealed with 0.1% DMSO 
Luciferase reporter assay 
The luminescents were measured using luciferin. 

Results and Discussion 
LPS inhibition on TCDD induced luciferase activity 
pmCyp lal-Luc Iran.' -cled Hepa 1 cells were Irealed with various concentralions (0.1 pg/ml or 

1 pg/ml or lOpg/ml) of LPS for 17 h before the trealmeni of 10"'M TCDD for 24 h. The trealmeni 
wilh 10"'M TCDD resulted in 2180-fold induction of luciferase activity over control cells, which 
was decreased with 0.1 pg/ml, 1 pg/ml or lOpg/ml LPS treatment lo 34%, 22%), or 5%, respectively . 
When 1 mM N*^-nilro-/-arginine was pretreated along with different concentralions of LPS, the 
inhibitory effect of LPS was smaller than that without N'^-nitro-/-arginine. O.l pg/ml LPS treatment 
resulted in 34% that ofthe 10"'M TCDD, and ImM N"-nitro-/-arginine concomitant treatment with 
0.1 pg/ml LPS showed 90%) that of lO'̂ M TCDD Irealment. These dala strongly suggests that 
nitric oxide may mediate the inhibition ofTCDD stimulated Cyplal promoter activity. 
SNF inhibition on TCDD induced luciferase activity 

pmCyp lal-Luc transfected Hepa 1 cells were pretreated wilh various concentrations (10"^M, 10" 
^M. l6"V) of SNP for 17 h before the treatment of I0"'M TCDD for 24 h. The trealmeni wilh 10" 
' M TCDD resulted in 8110-fold induction of luciferase aclivily, which was decreased wilh lO'̂ M, 
10"̂ M , and 10"''M SNP pretreatment lo 37%, 11%, and 3% that of 10"'M TCDD treatmem, 
respectively. This dala shows that nitric oxide inhibits the TCDD induced luciferase aclivily wilh 
dose dependent manner. As shown in Fig 4, when ImM N^-nitro-/-arginine was pretreated along 
wilh differeni concentrations of SNP, the inhibitory effecl of SNP was diminished. lO'̂ M SNP 
alone pretreatment resulted in 57% that of lO'̂ M TCDD treatmeni, however, ImM N°-nilro-/-
arginine concomitant prelrealment wilh IO"̂ M SNP resulted in 186% that of 10"'M TCDD 
treatment. This suggested that there might be endogenous nitric oxide in Hepa I cells which might 
reduce the power ofTCDD stimulation on Cyplal gene expression. 10"̂ M SNP or 10"̂ M SNP 
alone prelrealment showed 1 \% or 3% that of 10"'̂ M TCDD irealment, whereas ImM N'^-nilro-/-
arginine concomitant prelrealment with either 10"'M SNP or 10"''M SNP showed 36%o or 9% that 
of 10"'M TCDD treatment, respectively. This data indicates that nitric oxide inhibits Cyplal 
promoter aclivily and endogenous /"NOS activity being present in Hepa 1 cdls. Thus, il seems that 
N°-nilro-/-arginine suppresses endogenous nitric oxide production instead of antagonizing with 
SNP and nel effecl resulls in diminition of SNP inhibition on Cyplal expression. 
N*^-nitro-/-arginine recovers cobalt chloride inhibition on the TCDD induced luciferase 
activity 

pmCyplal-Luc transfected Hepa 1 cells were treated wilh various concentrations (10"'̂ M, lO'̂ M, 
10"''M ) of cobalt chloride for 17 h before the treatment of 10"'M TCDD for 24 h. The treatment 
with 10 ' 'M TCDD resulted in 4170-fold induction of luciferase activity, whereas the pretreatment 
of IO"''M. 10"̂ M or 10"''M cobah chloride decreased the TCDD stimulated luciferase activity to 
37%, 9%, or 5% that of 10"'M TCDD treatment, respectively. As increase the concentrations of 
cobalt chloride, the power of inhibition on TCDD induced luciferase activity was enlarged. When 
nitric oxide synthase inhibitor, N'''-nitro-/-arginine was administered logelher wilh cobalt chloride, 
ORGANOHALOGEN COMPOUNDS 
Vol. 53 (2001) 455 



TOXICOLOGY n -POSTER 

the inhibitory strength of cobah chloride was weakened. 10" M, 10" M or 10" M cobalt chloride 
respectively showed 37%, or 9%, or 5% that of 10"'M TCDD stimulated luciferase activity withoul 
N°-nitro-/-arginine, however, when ImM N'̂ '-nitro-Z-arginine was added concomitantly with 10"̂ M, 
or iO'̂ M or 10"''M cobalt chloride, the luciferase activity was 120%, or 78%), or 39%) that of 10"V 
TCDD induced, respectively. This resull suggests that nitric oxide involves in the inhibition ofthe 
promoter activity of Cyplal by hypoxic agents. 

N^'-nitro-Z-arginine recovers desferrioxamine inhibition on the TCDD induced luciferase 
activity 

pniC.y/7/a/-Luc transfected Hepa 1 cells were treated wilh various concenlralions (10"*M, 10"̂ M, 
I0"''M ) of desferrioxamine for 17 h before the treatment of 10"'M TCDD for 24 h. The treatment 
wilh 10"̂ M TCDD resulted in 7250-fold induction of luciferase activity, which was decreased with 
dose dependent manner when lO'̂ M or 10"̂ M or 10"''M desferrioxamine was pretreated for 17 h to 
13%o, or 7%, or 3% that of 10"V TCDD trealmeni, respectively. Concomitant treatment of N^-
nilro-/-arginine wilh 10"̂ M or, 10" M or lO'̂ M desferrioxamine to pmCyplal-Luc transfected 
Hepa 1 cells showed 81%, or 64%), or 57% that of 10"V TCDD treated luciferase activity, 
respectively. This dala demonslraled that desfertioxamine inhibited luciferase aclivily wilh dose 
dependent manner and iNOS inhibitor, N°-nitro-/-arginine reversed the effect of desfertioxamine 
on Cyplal promoter activity. This resull suggested that nitric oxide mighl be a mediator of 
inhibitory effect of desferrioxamine on Cyplal expression by TCDD. 
N^'-nitro-/-arginine recovers picolinic acid inhibition on the TCDD induced luciferase activity 

pmCvp/a/-Luc transfected Hepa 1 cells were treated wilh various concenlralions (10"''M, 10"'M, 

10"''M) of picolinic acid for 17 h before the treatment of 10" 'M TCDD for 24 h. The treatment of 
10"'M TCDD resulted in 2680-fold induction of luciferase activity, which was decreased with 10" 
^M or 10"̂ M or 10"''M picolinic acid pretreatment to 85%, or 37%, or 17% that of 10"'M TCDD 
treated luciferase activity, respectively. When N*^-nitro-/-arginine was treated along with 10"̂ M or 
IO"̂ M or I0"''M picolinic acid, the luciferase activity was 99%, or 87%), or 71%o, respectively. This 
data showed picolinic acid, one of hypoxia agents inhibited the TCDD induced luciferase activity 
with dose dependent manner and N -nilro-/-arginine recovered the effecl of picolinic acid. Thus 
these data suggest that picolinic acid can inhibit the TCDD induced Cyplal gene expression might 
be ihrough nitric oxide. 
The effect of/-arginine and N'^-nitro-Z-arginine on TCDD induced luciferase activity 

pmCyplal-Luc transfected Hepa 1 cells were pretreated wilh /-arginine or N '̂-nitro-Z-arginine in 
the presence or absence of /-arginine for 17 h before the treatment of 10"'M TCDD for 24 h. 10" 
' M TCDD alone irealment resulted in about 6540-fold induction of luciferase activity over that 
of control, and /-arginine pretreatment decreased the TCDD stimulated luciferase activity to 8%o 
that of lO'̂ M TCDD treatmeni. This inhibitory effect of/-arginine was nol changed with the 
concomitant Irealment of N°-nitro-/-arginine that was known to inhibit iNOS. N*^-nitro-/-arginine 
prelrealment resulted in ftirther stimulation ofthe luciferase activity to 430%) that of 10"'M TCDD 
treatmeni. These data indicate the presence of endogenous nitric oxide inhibiting TCDD stimulated 
luciferase activity somewhat, and an inhibition of/"NOS enhances stimulatory effecl ofTCDD on 
luciferase activity. In order lo examine the dose effect of N°-nitro-/-arginine, different 
concentrations (O.OlmM, O.lmM, ImM) of N°-nitro-/-arginine were administered inlo Hepa 1 cells 
containing pmCyplal-Luc for 17 h before the lO'̂ M TCDD treatment for 24 h. As shown in Fig 9, 
N"^-nitro-/-arginine pretreatment increased TCDD stimulated luciferase activity to 150%), 275%), 
800%) with O.OlmM, O.lmM, ImM N°-nifro-/-arginine, respectively when 10"'M TCDD stimulated 
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luciferase aclivily was set at 100%. This N'^-nitro-/-arginine effecl was completely abolished wilh 
concomitant treatment of /-arginine. These dala strongly suggested that nitric oxide played an 
inhibitory role for TCDD stimulation of Cyplal expression. 
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