
Nitric oxide (NO) is involved in surprising array of vital physiological and 
pathophysiological phenomena. The expression of nitric oxide synthases, endothelial (eNOS) 
and inducible (iNOS), was demonstrated in rat liver and white adipose tissue among others.
Therefore, the goals of the present thesis  were to provide in vitro data about NO in the liver 
and white adipose tissue  and to assess: 1) the effects of selective immunosuppressive drugs, 
cyclosporin A (CsA) and tacrolimus (FK 506), and nonspecific and specific iNOS inhibitors 
on NO production and iNOS expression during endotoxemic insult using primary rat 
hepatocyte culture; 2) spontaneous NO production under various culture conditions with 
comparison of its influence on functional status of hepatocytes  in conventional cell culture 
and in hepatocyte bioreactors; 3) effects of S-nitroso-N-acetyl penicillamine (SNAP), D-
galactosamine (D-GalN), lipopolysaccharide (LPS), LPS+D-GalN and thapsigargin (TG), a 
selective inhibitor of a sarco-endoplasmic reticulum-Ca2+-ATPase, on apoptotic/necrotic 
markers in relation to NO production; 4) the effect of LPS on lipolysis in relation to iNOS 
stimulation; and 5) the interplay between NO production and β3-adrenoreceptor (β3-
AR)/cAMP pathway on lipolysis in rat epididymal adipocyte culture. 

We found that CsA, FK 506, L-nitroarginine methyl ester (L-NAME) and aminoguanidine 
(AG) significantly decreased LPS or cytokine mixture-induced NO production in hepatocytes. 
CsA was more effective than FK 506 in this respect. CsA blocked iNOS mRNA expression 
while FK 506 and NOS inhibitors acted posttranscriptionally. There were different effects on 
hepatocyte ALT leakage: CsA increased it, AG decreased it, L-NAME exerted both effects 
and FK 506 had no effect. 

In contrast to conventional cell culture systems, hepatocytes perifused in the agarose gel 
thread bioreactor and in the flat membrane bioreactor (FMB) showed good functionality and 
biochemical competence during 2-3 days. Hepatocytes cultured in the FMB, specifically in 
culture medium with prednisolone and/or in a "sandwich" configuration, were functionally 
stable, as shown by a high rate of urea biosynthesis from NH4Cl and CsA biotransformation, 
low ALT leakage and suppressed spontaneous NO production. The time course of CsA effects 
on the modulation of urea and spontaneous NO production in perifused culture demonstrated 
flexibility of FMB, in those minor changes could be observed at diverse time intervals and in 
a non-destructive way. 

Exogenously delivered NO due to SNAP, dose-dependently increased number of viable 
hepatocytes in contrast to the decrease of necrotic and apoptotic hepatocytes in culture. 
Immunocytochemical detection of cleaved caspase-3 best correlated with defined 
phenotypical criteria of hepatocyte apoptosis. The iNOS-mediated spontaneous NO 
production was higher at 0-24 h than 24-48 h cultivation and was blocked by TG or D-GalN 
treatment during 0-24 h.  During 0–24 h, TG dose-dependently increased basal [Ca2+]i and 
hepatocyte apoptosis and secondary necrosis as evidenced morphologically (Annexin 
V/propidium iodide staining) and biochemically (caspase-3 activity, cytochrome c release, 
ALT leakage, MTT test). During 24–48 h, TG markedly enhanced basal NO production and 
rate of necrosis that were suppressed by the selective iNOS inhibitor, AG. D-GalN slightly 
enhanced NO production during 24-48 h, when it was more potent to induce hepatocyte 
apoptosis and necrosis than during 0-24 h. LPS addition to D-GalN considerably aggravated 
apoptotic/necrotic markers only at the end of 0-24 h. Surprisingly, a share of apoptotic cells 
was distinctly lower after LPS+D-GalN treatment than after LPS alone during 0-24 h, while 
24-48 h incubation produced massive apoptotic/necrotic hepatocytes. 

LPS also produced a concentration-dependent increase of NO with a decrease of viability 
in primary rat adipocyte culture. However, LPS did not affect lipolysis. Our data suggest that 
β-adrenergic lipolysis, specifically β3-AR effect, which is realized via the adenylyl 
cyclase/cAMP/protein kinase A signaling cascade, involves NO production downstream of 
β3-AR/cAMP pathway. For β-AR agonists, antagonists, and their pairs, there was a positive 



correlation between medium nitrite and glycerol or free fatty acids with R2 being 0.90 and 
0.83, respectively. 

In conclusion, the present results offer an opportunity to gain new insight to the important 
but controversial and yet ambiguous role of NO signaling in the liver and adipose tissue. This 
may suggest that isoforms of NOS play a role in modulating hepatocyte injury after the 
applied inflammatory signals. iNOS inhibition produced by compounds like CsA and FK 506 
should be taken in consideration in clinical practice due to their wide spectrum of 
applications. The monitoring of nitrite levels during various steps of isolation and culture 
suggests that spontaneously produced NO has a negative impact on hepatocyte metabolic and 
functional integrity. Because there is a significant modulation of NO production by SNAP, D-
GalN, LPS, LPS+D-GalN and TG, and NO is either an important signal or partly decisive in 
the apoptotic/necrotic events, dependent on the agent, caution should be exercised in 
apoptosis data interpretation and combinations of different test methods should be applied. 
Moreover, our results also support a concept that NO fulfills multifaceted role of stimulating 
lipolysis under physiological conditions (β-agonistic effect) and modulating the same 
processes during inflammatory (LPS) processes.




