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Incubation of primary cultures of fetal hepatocytes to receptor evoked apoptosis, it has been recently re-
with lipopolysaccharide (LPS) elicited the expression of ported that exposure of several cell lines to nitric oxide
nitric oxide (NO) synthetase as well as antagonized the (NO) is a sufficient condition for triggering apoptosis
apoptotic cell death evoked by treating the cells with per se in macrophages and in neural cells.11,12 In con-
transforming growth factor b1 (TGF-b1). In addition to trast to this ability to induce apoptosis, low concentra-
LPS, exposure of the cells to chemical NO donors also tions of NO protect against apoptosis and cellularprotected against apoptotic cell death when assayed at stress in the same way as occurs in neural cells and inconcentrations in the low micromolar range. Treatment

various cell types of lymphoid origin.12-14
of hepatocytes with large concentrations of NO donors

The role of NO in liver function under physiologicalpromoted both apoptotic and necrotic cell death. These
and physiopathologic conditions is a subject of currentresults suggest that NO synthesis by hepatocytes might

be involved in the protection against apoptotic death. interest; for instance, this molecule has been found to
(HEPATOLOGY 1996;23:1200-1207.) be involved in the regulation of the hyperdynamic cir-

culation displayed by cirrhotic liver.15,16 Indeed, induc-
ible nitric oxide synthase (iNOS) is induced in liver inRegulation of organ size and liver function is the
response to lipopolysaccharide (LPS) and to combina-result of a dynamic balance between stimulatory and
tions of a panel of several proinflammatory cytokines,inhibitory signals.1-3 Under physiological conditions,
as well as under pathological conditions such as cirrho-senescent or damaged cells are removed by apoptosis,
sis or liver regeneration after partial hepatectomy.15-18

whereas the response to acute cell injury mostly in-
Like liver tissue, primary cultures of hepatocytes alsovolves a necrotic process.4,5 Several growth factors and
express iNOS in response to various stimuli, thereforecytokines have been identified as inducers of hepato-
offering the possibility of analyzing the function of NOcyte apoptosis both in vivo and in vitro, among them a
synthesis on hepatocyte physiology under defined exprominent role has been recognized for transforming
vivo conditions.17-19 Most of these data have been ob-growth factor b1 (TGF-b1) and for the engagement of
tained using adult hepatocytes, and little informationthe Fas/Apo-1 receptor.6-8 Definition of apoptosis has
is available regarding fetal hepatocytes. Hepatocytesbeen the subject of some controversy depending on the
isolated from animals at 21 days gestation constitutemorphological or biochemical criteria used for its char-
an interesting model, because these cells express someacterization. However, morphological alterations in the
receptors distinct from those expressed by adult hepa-cellular and nuclear membranes correlate closely with
tocytes (e.g., insulinlike growth factor I [IGF-I] recep-the appearance of oligonucleosomal DNA fragments as
tor) and display a significant proliferative capacitya specific marker of apoptotic cell death.4,9,10 In addition
when confronted with various growth factors.20,21 For
these reasons, in the present work we have investi-
gated whether the release of NO by fetal hepatocytes

Abbreviations: TGF-b1, transforming growth factor b1; NO, nitric oxide; can influence the response to cytokines that promote
iNOS, inducible nitric oxide synthase; LPS, lipopolysaccharide; IGF-I, insu- apoptotic death of these cells. Our results show thatlinlike growth factor I; SIN-1, 3-morpholinosydnonimine; SIN-10, molsido-

NO has a dual effect in the control of apoptosis in cul-mine; TNF-a, tumor necrosis factor a; PBS, phosphate-buffered saline; GSNO,
S-nitroso glutathione; TdT, terminal deoxyribonucleotidyl transferase. tured fetal hepatocytes, i.e., that whereas a low synthe-
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sidomine (SIN-10) were from Affinity Res. Products (Notting- method.25 After electrophoresis in a 0.9% agarose gel con-
taining 2% formaldehyde the RNA was transferred to a Ny-ham, England). Tissue culture dishes were from Costar

(Cambridge, MA). Tissue culture media were from Biowhit- tran membrane (NY 13-N; Schleicher & Schuell, Germany)
with 101 SSC (101 SSC is 1.5 mol/L NaCl, 0.3 mol/L sodiumtaker (Walkersville, MD). Agarose and bacterial growth me-

dia were from Hispanagar (Barcelona, Spain). The endotoxin citrate, pH 7.4). The membrane was prehybridized and the
level of iNOS messenger RNA was determined using ancontent of the TGF-b, tumor necrosis factor a (TNF-a), and

IGF-I solutions was negligible using the Limulus polyphemus EcoRI-HindII fragment from the iNOS complementary
DNA,26 labeled (45% of efficiency) with [a-32P]deoxycitidinetest (Sigma).

Isolation and Incubation of Fetal Hepatocytes. Hepato- triphosphate using the Random Primed labeling kit (Boeh-
ringer). The membranes were washed with 0.1 1 SSC andcytes were prepared from 21-day-old fetuses of pregnant Al-

bino Wistar rats (300-350 g) aged 3 months. Animals were 0.1% sodium dodecyl sulfate at room temperature for 10 min-
utes and twice at 507C for 30 minutes, followed by exposurefed a standard laboratory diet and killed over the course of

1 hour. Gestational age was assessed by standard criteria and to micrograph film (Kodak X-OMAT). Different exposition
times of the micrograph films were used to ensure that bandsfetuses were delivered by cesarean section.22 A suspension of

fetal hepatocytes was prepared by a nonperfusion collagenase were not saturated. Quantification of the films was per-
formed by laser densitometry (Molecular Dynamics), usingdispersion method that involved incubation (3 g/flask) of

chopped fetal liver for 30 minutes at 377C with 30 mL of the hybridization with a b-actin probe (0.6 kb EcoRI/HindIII
fragment isolated from a VC 18 vector) as an internal stan-Ca2/-free Krebs-bicarbonate buffer containing 0.5 mmol/L

ethylene glycol-bis (b-aminoethyl ether)-N,N,N*,N*-tetraace- dard.
Measurement of Lactatedehydrogenase Activity. To evalu-tic acid (EGTA) under continuous gassing with carbogen (O2/

CO2, 19/1).23 The cell suspension was centrifuged (50g for 2 ate the degree of plasma membrane alteration the release of
lactatedehydrogenase to the extracellular medium was mea-minutes), and the cell pellet was resuspended and incubated

for 60 minutes in the presence of 2.5 mmol/L Ca2/ and 0.5 sured. To do this, the medium was aspirated, centrifuged at
15,000g for 10 minutes and the lactatedehydrogenase activitymg/mL of collagenase A (Boehringer). At the end of the incu-

bation period, the cells were centrifuged at 50g for 5 minutes, present in the supernatant was assayed in the presence of
0.5 mmol/L pyruvate and 0.15 mmol/L nicotinamide adenineand the resuspended cell pellet was progressively filtered

through nylon membranes of 500-, 100-, and 50-mm mesh. dinucleotide.27

Analysis of DNA Fragmentation. Internucleosomal DNAThe contamination of hematopoietic cells of the preparation
was determined by microscopic observation and was below fragmentation was assessed by distinct independent methods

including agarose gel electrophoresis analysis of fragmented5%. Cell viability was assessed by Trypan blue exclusion and
was always higher than 90%. The hepatocyte suspension was DNA, and a cell death enzyme-linked immunosorbent assay

kit based on the detection of mononucleosomes and oligo-washed twice with sterile Dulbecco’s modified Eagle medium
medium and then resuspended in this medium supplemented nucleosomes in the cytosol (Boehringer). The cell layers (3-4

1 106) were washed twice with ice-cold PBS and lysis of thewith 50 mg/mL of gentamicin, 50 mg/mL of penicillin G, and
50 mg/mL of streptomycin. Fetal hepatocytes were plated at plasma membrane was achieved with 1 mL of 20 mmol/L

ethylenediaminetetraacetic acid, 0.5% Triton X-100, 5 mmol/3 to 41 106 in 6-cm tissue-culture dishes, in a culture medium
containing 2.5 mL of Dulbecco’s modified Eagle medium sup- L Tris-HCl, pH 8.0. After incubation for 15 minutes at 47C

with gentle shaking, the nuclei were removed by centrifuga-plemented with 10% of heat inactivated fetal calf serum. Two
hours after seeding the cells, the medium was aspirated, and tion at 500g for 10 minutes and the resulting supernatant

was centrifuged at 30,000g for 15 minutes. The oligonucleoso-the plates were washed twice with phosphate-buffered saline
(PBS) to remove the nonadherent cells. The cells were main- mal DNA present in the soluble fraction was precipitated

with 70% ethanol plus 2 mmol/L MgSO4, and aliquots weretained in 2 mL of phenol red–free Dulbecco’s modified Eagle
medium containing 1% of heat-inactivated fetal calf serum. treated for 1 hour at 557C with 0.3 mg/mL of proteinase K.

After two extractions with phenol/chloroform, the DNA wasAdditions were made so that the changes in the total incuba-
tion volume were less than 2%. resuspended and analyzed in a 2% agarose gel after staining

with 0.5 mg/mL of ethidium bromide. Alternatively, aliquotsSynthesis of S-Nitroso Glutathione and Determination of
NO0

x Concentration. S-Nitroso glutathione (GSNO) was syn- of the supernatants of lysed cells were analyzed using an
enzyme-linked immunosorbent assay cell death kit (Boeh-thesized before use following a previous protocol.24 GSH was

dissolved with an equimolar concentration of HCl (0.7 mol/ ringer) in which the enrichment of histone associated DNA
fragments of mononucleosomes and oligonucleosomes in theL) and kept in an ice bath. One volume of a 1.4 mol/L solution

of sodium nitrite was added, and the mixture was gently cytosol was detected using a sandwich-enzyme immunoassay
with antihistone and anti–DNA-peroxidase antibodies. Thestirred for 40 minutes. GSNO was precipitated in 2.5 volumes

of acetone under continuous stirring. The precipitate was relative degree of apoptosis was determined quantitatively
by measuring the peroxidase activity at 405 nm and calculat-recovered by centrifugation and was washed with one volume

of 80% acetone solution. The pellet was filtered through a ing the ratio between the enzyme activity of a sample incu-
bated for a given period of time, and the corresponding valueWhatman 1 filter and extensively washed with 100% acetone

and three times diethylether. After vacuum drying, an ali- at time 0 hour. The average A405 of samples from control
cells was 0.15 optical density (enrichment factor). Also, anquot was characterized by UV spectroscopy. NO release was

measured by the accumulation of nitrite and nitrate in the alternative quantitative approach was obtained by measur-
ing the incorporation of fluorescein-12-deoxyuridine triphos-culture medium as previously described.17 Briefly, nitrate

was reduced to nitrite in the presence of 0.5 U of nitrate phate (Boehringer) into DNA by terminal deoxyribonucleoti-
dyl transferase (TdT) following a previous protocol.28 Briefly,reductase, 50 mmol/mL of nicotinamide adenine dinucleotide

phosphate, and 5 mmol/mL of flavin adenine dinucleotide. The cells were kept in suspension after incubation for 10 minutes
with PBS containing 2 mmol/L EGTA and 0.005% trypsin.nitrite concentration was determined using Griess reagent.17

RNA Extraction and Analysis. Total RNA (3-4 1 106 cells) The hepatocytes were fixed in 2% paraformaldehyde and per-
meabilized with 0.02% NP-40 for 5 minutes at 47C. Afterwas extracted following the guanidinium thiocyanate
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FIG. 1. LPS antagonizes the DNA deg-
radation evoked by TGF-b in primary cul-
tures of fetal hepatocytes. Hepatocytes (3
1 106 cells) were cultured for 24 hours with
0.5 mg/mL of LPS, with 1 or 10 ng/mL of
TGF-b or a combination of LPS and TGF-
b. The cell extracts were treated with pro-
teinase K and ribonuclease and the DNA
was analyzed in an agarose gel (A). Alter-
natively, samples (5 1 105 cells) were ana-
lyzed for the content in mononucleosomes
and oligonucleosomes in the cytosol using
a sandwich based immunoassay. (s) Con-
trol; (●) LPS, 0.5 mg/mL; (j) 1 ng/mL TGF-
b; (m) LPS / TGF-b (B). Results show a
representative experiment out of three (A),
or the means { SEM of three experiments
(B).

labeling with TdT (Boehringer), the cells were washed three apoptosis was observed in cells treated for 15 to 24
times with PBS and the fluorescence was measured by cyto- hours with TGF-b, whereas in the presence of LPS this
fluorometry. Results were expressed as the mean channel apoptotic response was abolished. Treatment of fetal
fluorescence ratio with respect to control cultures (fluores- hepatocytes with IGF-I did not affect the basal rate of
cence ratio). apoptosis. However, in contrast to the protective effect

Data Analysis. The number of experiments is indicated in exerted by LPS, IGF-I only partially blocked thethe corresponding figure. Statistical differences (P õ .05) be-
apoptosis induced by TGF-b (Table 1).tween mean values were determined by one-way ANOVA

Modulation by TGF-b of NO Release in LPS-Activatedfollowed by Student’s t test.
Fetal Hepatocytes. The protective effect exerted by
LPS over the TGF-b induced apoptosis is compatibleRESULTS
with the delivery of a signal in LPS treated hepatocytesApoptosis Triggering in Cultured Fetal Hepatocytes. that rescues the cells from apoptosis, and a likely candi-Hepatocytes either in vivo or when kept in culture are date for this role is NO synthesis. To establish the rele-relatively resistant to apoptosis in response to various vance of NO in the control of cell fate, distinct condi-cellular stresses. However, cytokines such as TGF-b tions that modulate NO synthesis in these cells werehave been recognized to be able to promote apoptosis, tested. Exposure of primary cultures of fetal hepato-at least in adult hepatocytes.6,7 In addition to cytokines, cytes to LPS promoted iNOS expression and NO syn-other substances that reach the intracellular space thesis, a process that was sustained for at least 36have been reported to induce apoptosis in various cell

types. In this respect, high levels of NO constitute a
condition that favors apoptosis in macrophages, neural

TABLE 1. Effect of IGF-I on the Apoptosis Inducedcells, and some cancer cells.12-14 To study whether this
by TGF-b in Fetal Hepatocytessituation also applies to fetal hepatocytes, primary cul-

tures were incubated with LPS to induce NO synthesis, Enrichment Fluorescence
Addition Factor Ratioand the rate of apoptotic death was investigated. As

Fig. 1A shows, exposure of fetal hepatocytes to 0.5 mg/
None 0.62 { 0.58 1.0mL of LPS (a concentration that promotes NO release, IGF-I, 0.1 ng/mL 0.58 { 0.04 1.1 { 0.1

see below) barely increased the apoptotic rate of these IGF-I, 1 ng/mL 0.60 { 0.04 1.2 { 0.1
cells as compared with unstimulated controls. Incuba- IGF-I, 5 ng/mL 0.55 { 0.06 1.0 { 0.2
tion with TGF-b (1-10 ng/mL) promoted the DNA deg- TGF-b, 1 ng/mL 5.7 { 0.6 12.4 { 1.1

/ IGF-I, 0.1 ng/mL 5.1 { 0.4 9.2 { 0.8radation expected, which exhibited the characteristic
/ IGF-I, 1 ng/mL 4.6 { 0.5 10.1 { 1.0pattern of DNA laddering. However, simultaneous ad-
/ IGF-I, 5 ng/mL 4.7 { 0.5 9.7 { 0.7dition of LPS and TGF-b resulted in a blockage of the

apoptotic death evoked by TGF-b. To have a more NOTE. Primary cultures of fetal hepatocytes were treated for 18
quantitative and detailed profile of the time course of hours with various concentrations of IGF-I and in the absence or
DNA fragmentation, the appearance of oligonucleoso- presence of TGF-b. The enrichment in nucleosomal particles in the
mal moieties in the cytosol was observed using a DNA- cytosol or the fluorescence of in situ TdT-labeled cells were deter-

mined. Results shows the means { SEM of three experiments.histone immunoassay. As Fig. 1B shows, a peak of
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FIG. 2. NO synthesis in pri-
mary cultures of fetal hepato-
cytes. Cells were incubated with
0.5 mg/mL of LPS, 20 ng/mL of
TNF-a, 1 ng/mL of TGF-b, 1
nmol/mL of IGF-I, or combina-
tions of IGF-I plus LPS or TGF-
b plus LPS. The production of
nitrate plus nitrite was deter-
mined after 18 (h), 24 (

�
��
�) and

36 hours ( ) (A). The effect of 1
ng/mL of TGF-b (●) and 1 nM
of IGF-I (j) on the NO release
elicited by LPS after 36 hours of
culture was determined as a
function of the time after addi-
tion of the growth factors (B). Re-
sults show the means { SEM of
three experiments.

hours (Fig. 2A). In addition to LPS, TNF-a also pro- stances was monitored as a function of time. Chemical
NO-donors were administered to cells at 600 mmol/L,moted NO release to the medium, although this effect

only represented a 55% of the response to LPS, there- and as Fig. 4A shows, the rate of release of NO by
GSNO was higher than by SIN-1, whereas SIN-10 dis-fore indicating that this proinflammatory cytokine can-

not completely substitute for LPS in iNOS induction, at played a progressive release lasting for at least 15
hours. These kinetics of NO production by NO donorsleast in fetal hepatocytes. In contrast to this situation,

TGF-b decreased the level of basal NO release, and allow the determination of the actual rate of NO syn-
thesis in comparison with the amount of this substancewhen added simultaneously with LPS an important

inhibitory effect (48% inhibition) was observed. Be- produced in response to LPS at a given time and con-
centration. At the end of the incubation period (24cause fetal hepatocytes express the IGF-I receptor and

IGF-I has also been reported to antagonize iNOS ex- hours), samples were collected to analyze the DNA pat-
tern, and as Fig. 4B shows, a clear and intensepression in several cell types,29 the role of this growth

factor in NO synthesis was investigated. As Fig. 2A apoptosis was observed under these conditions. To de-
termine whether a necrotic process accompanied theshows, IGF-I by itself did not affect the basal synthesis

of NO and failed to inhibit the NO synthesis signifi- release of NO by NO donors, the presence of LDH in
the incubation medium was assayed. As Fig. 4C shows,cantly in response to LPS. Therefore, whereas TGF-b

effectively antagonizes LPS-elicited NO release in fetal a striking parallelism between the rate of NO genera-
tion and the release of LDH to the medium was ob-hepatocytes, IGF-I does not. To characterize the tempo-

ral pattern of the modulatory effect of TGF-b on LPS- served. In this respect, cells treated with GSNO re-
leased the highest LDH activity (27-fold with respectinduced NO synthesis, hepatocytes were incubated

with LPS, and at different times TGF-b was added. As to the control), reflecting a more acute necrotic effect.
LPS Antagonizes the Apoptosis Induced by TGF-Fig. 2B shows TGF-b showed a biphasic effect on LPS-

induced NO release; a marked inhibition was observed b. To examine the relative roles of NO and LPS on
the protection against the apoptosis evoked by TGF-b,at times under 2 hours, whereas a 15% inhibition per-

sisted when this cytokine was added after this period. primary cultures of fetal hepatocytes were incubated
in arginine-free Dulbecco’s modified Eagle mediumAs expected, IGF-I did not affect the NO release in-

duced by LPS over a period of 5 hours after LPS stimu- supplemented with 50 mmol/L arginine or in the pres-
ence of 0.8 mmol/L of L-nitromethylarginine. As Fig. 5Alation. The inhibitory effect of TGF-b on NO synthesis

well correlates closely with the levels of iNOS messen- shows, in the presence of the iNOS substrate analogue
inhibitor apoptosis is increased after LPS treatmentger RNA detected after 15 hours of culture (Fig. 3).

A 44% decrease was observed when hepatocytes were and only a partial protection is observed when cells are
treated with both LPS and TGF-b (83% versus 63% intreated with LPS and TGF-b simultaneously.

In addition to cytokines, NO can be released both the absence of NO synthesis, respectively). The concen-
tration of nitrite plus nitrate under these conditionsintracellularly and extracellularly via chemical NO do-

nors. Substances such as SIN-10 require hepatic me- is shown in Fig. 5B. These results suggest that NO
synthesis, in the range elicited after LPS stimulationtabolism to generate NO in the cell, whereas com-

pounds such as SIN-1 or GSNO release NO in the protects against apoptosis. To investigate further the
protective role of NO on the apoptosis evoked by TGF-absence of cellular metabolism. The NO release in pri-

mary cultures of hepatocytes treated with these sub- b primary cultures of fetal hepatocytes were incubated
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FIG. 3. iNOS expression in primary cul-
tures of fetal hepatocytes. Fetal cells (3
1 106) were incubated for 15 hours with 0.5
mg/mL of LPS, 1 ng/mL of TGF-b, or a combi-
nation of both. The RNA was analyzed by
Northern blot using a probe specific for the
cytokine inducible isoenzyme. After normal-
ization of the blot, the relative messenger
RNA content was expressed as percentage
of the LPS-treated cells’ condition. Results
show a representative experiment. (B)
Means { SEM of 3 experiments.

with various concentrations of the NO donor SIN-10 tocytes.6,30 The ability of TGF-b to antagonize cytokine-
induced hepatocyte proliferation and to induceand in the presence of TGF-b. As Fig. 6A shows, an

effective protection against DNA fragmentation was apoptosis has been widely reported and discussed.31,32

An important in vivo apoptosis has been observed inobserved at low SIN-10 concentration (2-100 mmol/L),
whereas deleterious effects were observed at concentra- developing human liver (including hepatocytes), possi-

bly reflecting remodeling events in the tissue.33 How-tions higher than 200 mmol/L. These results were con-
firmed when the release of oligonucleosomes to the cy- ever, when fetal hepatocytes are isolated and kept in

culture the rate of apoptosis is quite low, probably be-tosol were quantified (Fig. 6B).
cause of the process of isolation and attachment to the

DISCUSSION plate. Indeed, hepatocytes can be maintained in culture
for several days without significant changes in theThe use of primary cultures of hepatocytes consti-

tutes a good experimental model for the study of the number of cells.
The initial aim of this work was to investigate thesignaling pathways that control proliferation, growth

arrest, and apoptotic cell death, and in general, close effect of LPS, as an agonist that induces iNOS expres-
sion, on the viability of primary cultures of fetal hepato-agreement exists between the results obtained using

this ex vivo system and in intact liver. One example of cytes. Previous results from our group indicated that
NO synthesis could be involved in the regenerative pro-this situation is the response to TGF-b that evokes

apoptotic cell death both in liver and in cultured hepa- cess of liver after partial hepatectomy.17 Several inde-

FIG. 4. Release of NO by chemical
donors. Hepatocyte cultures were incu-
bated with 600 mmol/L of GSNO (m),
SIN-1 (●) or SIN-10 (j), and at differ-
ent times the concentration of nitrate
and nitrite in the medium was assayed
(A). After 24 hours of culture, the DNA
fragmentation was analyzed in agarose
gel electrophoresis (B). The release of
LDH activity to the incubation medium
was measured after 24 hours of culture
with 0.5 mg/mL of LPS or with NO-do-
nors (C). Results show the means
{ SEM of three experiments (A and C),
or a representative experiment (B).
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FIG. 5. Effect of NO synthe-
sis inhibition on DNA fragmen-
tation. Hepatocytes were incu-
bated with Dulbecco’s modified
Eagle medium containing only
50 mmol/L arginine and in the
absence (open bars) or presence
of 0.8 mmol/L L-NMA (hatched
bars) and stimulated with 0.5 mg/
mL of LPS or 1 ng/mL of TGF-b.
The release of nucleosomes to
the cytosol was measured as the
ratio between the A405 at 18 and
0 hours. The average A405 at 0
hours was 0.14 { 0.02 Units per
day (A). The synthesis of NO0

x

species was measured at the end
of the culture period (B). *, P
õ .01 vs. in the absence of inhibi-
tor.

pendent groups have shown that iNOS is both against apoptosis exerted by NO once released after
LPS triggering contrasts with the marked apoptoticexpressed and catalytically active after partial hepatec-

tomy17,34,35 and that inhibition of NO synthesis with and necrotic effects observed when delivered at high
concentrations by means of chemical donors. These re-arginine analogues results in a marked alteration in

the pattern of ploidy characteristic of regenerating sults confirm the data obtained using the RAW 264.7
macrophage cell line, in which addition of 1 mmol/Lliver.17,36 These results suggest that hepatic NO syn-

thesis, at least in this experimental model, does not GSNO elicits an intense apoptosis that correlates with
an up-regulation of p53 expression.38 From our data,have a deleterious effect per se as is the case for in-

stance in macrophage cell lines in which apoptosis fol- we have calculated that the maximal linear rate of NO
release after LPS activation was about 9 to 11 nmollows after activation with LPS or inflammatory cyto-

kines.11,37 However, in primary cultures of hepatocytes per hour and milligram of protein, which is equivalent
to the rate of NO obtained in cells treated with 100our results show that the NO released after treatment

of the cells with LPS does not promote DNA degrada- to 120 mmol/L SIN-10 under the same experimental
conditions. In agreement with these data, concentra-tion and, interestingly, is sufficient to prevent the DNA

fragmentation evoked by TGF-b. The protection tions of SIN-10 in the 10-100 mmol/L range also antago-

FIG. 6. Low concentrations of NO pro-
tect against the apoptosis elicited by TGF-
b. Cultured fetal hepatocytes were treated
for 18 hours with 1 ng/mL of TGF-b and the
indicated concentrations of SIN-10. DNA
was analyzed by agarose gel electrophoresis
(A), and by the release of nucleosomes to the
cytosol (B). Results show a representative
experiment of DNA laddering and the
means { SEM of the enrichment in nucleo-
somes of the cytosol from three experiments.
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22. Di Marco PN, Ghisalberti AV, Pearce PH, Oliver IT. Postnatal K. EPR evidence of nitric oxide production by regenerating rat
liver. Biochem Biophys Res Commun 1994;202:571-576.changes in blood glucose, phosphopyruvate carboxylase and tyro-

sine aminotransferase after normal birth and premature deliv- 35. Obolenskaya M, Schulze-Specking A, Plaumann B, Frenzer K,
Freudenberg N, Decker K. Nitric oxide production by cells iso-ery in the rat. Biol Neonate 1976;30:205-215.

23. Martin-Sanz P, Cascales M, Bosca L. Glucagon-induced changes lated from regenerating liver. Biochem Biophys Res Commun
1994;204:1305-1311.in fructose 2,6-bisphosphate and 6-phosphofructo-2-kinase in

cultured rat foetal hepatocytes. Biochem J 1989;257:795-799. 36. Mossin L, Blankson H, Huitfeldt H, Seglen PO. Ploidy-depen-
dent growth and binucleation in cultured rat hepatocytes. Exp24. Hart, TW. Some observations concerning the S-nitroso and S-

phenylsulphonyl derivatives of L-cysteine and glutathione. Tet- Cell Res 1994;214:551-560.
37. Terenzi F, DıB az-Guerra MJM, Casado M, Hortelano S, Leoni S,rahedron Lett 1985;26:2013-2016.

25. Chomczynski P, Sacchi N. Single-step method of RNA isolation Boscá L. Bacterial lipopeptides induce nitric oxide synthase and
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