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Cytotoxic Actions of Cytokines on Cultured

Mouse Luteal Cells are Independent of
Nitric Oxide
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We investigated the cytotoxic effects of various cytokines secreted by macrophages or T lymphocytes
on luteal cells, and the role of nitric oxide (NO) produced by luteal cells in cytotoxic actions of
cytokines. Mouse luteal cells were cultured in serum-free medium with interferon-y (IFN-y), tumor
necrosis factor-a (TNF-a) or interleukin-1§ (IL-1p8) alone, or with various combinations of these
cytokines for 6 days. Cytotoxic actions of cytokines and NO production by luteal cells were evaluated
by number of viable cells and the amount of nitrite and nitrate (stable metabolites of NO) in
medium, respectively. IFN-y (1000 U/ml), TNF-a (3000 U/ml), or IL-18 (30 U/ml) alone, and the
combination of TFN-a and IL-18 (10 U/m1l) did not decrease number of viable cells and was without
effects on NO production. The combination of IFN-y and IL-1§ (10 U/ml) also did not decrease the
number of viable cells, while it increased NO production a little but significantly. Combinations of
INF-y and TNF-«, and IFN-y, TNF-« and IL-18 (10 U/ml) markedly decreased number of viable cells.
The combination of IFN-y and TNF-« increased NO production a little but significantly, and the
combination of three cytokines (IFN-y, TNF-a, and IL-18) caused a greater increase in NO
production. An NO synthase inhibitor, L.-N¢-monomethy-L-arginine (0.5 mM) or aminoguanidine
(0.5 mM) abolished increases in NO production induced by combinations of IFN-y and TNF-«, and
IFN-y, TNF-a and IL-18 completely without effects on number of viable cells. The present results
indicate that combinations of cytokines including IFN-y and TNF-a induce death of cultured mouse
luteal cells, and that the cytotoxic actions of these cytokines are independent of NO production by
luteal cells.
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INTRODUCTION tion and removal of luteal cells) through the secretion
of cytokines. However, the mechanisms by which
TNF-a and IFN-y exert the cytotoxic effect on luteal
cells are not known.

Nitric oxide (NO) is a multifunctional molecule
produced by the NO synthase (NOS) from L-arginine
(4, 5]. Two types of NOS have been identified [4, 5].
Constitutively expressed NOS (constitutive NOS) is
calcium-dependent. It is notably expressed in the en-
dothelial cells and some neurons, and mediates vasodi-
lation and neurotransmission. The other type of NOS,
inducible NOS (iNOS), is calcium-independent, and is
found in a variety of tissues. The increase in its activity

Macrophages and T lymphocytes are found in the
regressing corpus luteum, and have been suggested to
play a role in the regression of corpus luteum [1].
Recently, Benyo and Pate [2] and ourselves [3] have
shown that tumor necrosis factor-o (TNF-a), and
interferon-y (IFN-y), which are secreted by macro-
phages and T lymphocytes, respectively, induce death
of luteal cells synergistically, and have suggested that
these cells participate in structural luteolysis (destruc-
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under a variety of stimuli requires protein synthesis.
Several studies have shown that a variety of cytokines
induce an increase in the iNOS activity in various cells
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and tissues [6-15] and that NO exerts cytotoxic effects
[12-19]). Therefore, to elucidate the role of NO in death
of luteal cells induced by cytokines secreted by macro-
phages and T lymphocytes, we investigated correlation
between cytotoxic effects of these cytokines and NO
production of luteal cells in culture of mouse luteal
cells. Since macrophages secrete interleukin-1 (IL-1) as
well as TNF-a, we also examined the cytotoxic effects
of IL.-1p alone and in combination with TNF-« and/or
IFN-y.

MATERIALS AND METHODS
Materials

Type I collagen coated plates with 6 or 12 wells were
purchased from Iwaki Glass Co. (Chiyoda, Tokyo,
Japan). Chemicals were obtained from the following
sources: Ham’s F12/Dulbecco’s Modified Eagle’s
Medium (DMEM) [1:1 mixture] without phenol red,
trypsin-EDTA solution (0.5% trypsin, 5.3mM
EDTA) and TRIzol Reagent from GIBCO Labora-
tories (Grand Island, NY, U.S.A.); collagenase, nicoti-
namide, B-NAD, Nitro Blue Tetrazolium, and
dehydroepiandrosterone from Wako Pure Chemicals
Industries (Chyuo, Osaka, Japan); gentamicin, insulin
from bovine pancreas, deoxyribonuclease 1 (DNase 1),
human transferrin, N¢-monomethyl-L-arginine (L-
NMMA) and aminoguanidine from Sigma Chemical
Co. (St Louis, MO, U.S.A)); reverse transcrip-
tase—polymerase chain reaction (RT-PCR) kit from
Takara Co. (Chyuo, Kyoto, Japan). Recombinant
mouse interferon-y (IFN-y) and recombinant human
tumor necrosis factor-a (TNF-a) were supplied by
Shionogi Pharmaceutical Co. (Chyuo, Osaka, Japan)
and Dainippon Pharmaceutical Co. (Chyuo, Osaka,
Japan), respectively.

Mice

2-month-old BALB/c mice were purchased from
SLC (Hamamatu, Shizuoka, Japan). Female and male
mice were kept together overnight, and the following
morning female mice were examined for vaginal plugs
(day O of pregnancy). Females were killed by dislo-
cation on days 10-15 of pregnancy for collection of
corpora lutea. All mice were kept at 25°C under
controlled lighting conditions (12h light/12h dark-
ness) and allowed free access to water and pellet food.

Luteal cell culture

Both ovaries were removed from mice on days 10-15
of pregnancy and corpora lutea were separated from
these ovaries under a dissection microscope. The cor-
pora lutea were cut into pieces, and incubated in
Hank’s balanced salt solution without Ca?* and Mg?*
containing collagenase (2 mg/ml) for 120 min at 37°C
with repeated pipetting at 10 min intervals. Dispersed
luteal cells were filtered through a cell stainer with a
70 pm mesh nylon screen (Beckton Dickinson;
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Franklin Lakes, NJ, U.S.A.) and collected by centrifu-
gation at 500 g for 10 min. About 2 x 10° luteal cells
were obtained from 20 mice. The viability of these
luteal cells in all preparations of dispersed luteal cells,
estimated by the trypan blue exclusion test, was more
than 92%,. Luteal cells seeded at a density of 2.0 x 10°
and 4.0 x 10° viable cells/well into 12- and 6-multiwell
collagen coated plates, respectively, were cultured in
Ham’s F12/DMEM medium without phenol red
supplemented with insulin (10 yug/ml), gentamicin
(20 ug/ml) and transferrin (10 ug/ml) for 24 h. Then
the culture medium was removed, and the cells were
cultured in medium containing cytokine(s) in the pres-
ence or absence of a NOS inhibitor. The day of start
of culture under various conditions was designated as
day 0 of culture. The volumes of culture medium in
12- and 6-multiwell plates were 2.0 and 4.0 ml/well,
respectively, and the medium was changed on day 3.

Histochemistry of 3p-hydroxysteroid dehydrogenase

Luteal cells were seeded in 12-multiwell plates at a
density of 2 x 10° viable cells/well. After 24 h, attached
cells in 5 wells were separately collected after treat-
ment with trypsin~EDTA solution, and were smeared
on slideglasses and air-dried. Histochemistry of 38-
hydroxysteroid dehydrogenase was carried out by a
modification of the method described by Wattenberg
[20]. The reaction mixture for the histochemistry was
made by mixing 4 ml of propylene glycol containing
dehydroepiandrosterone (1.6 mg) and 52ml of 0.1 M
phosphate buffer (pH 7.4) containing nicotinamide
(9 mg), -NAD (19.2 mg) and Nitro Blue Tetrazolium
(8 mg). Slideglasses were incubated in the reaction
mixture at 37°C for 100 min. About 500 cells on each
slideglass were examined, and the percentage of stained
cells was determined.

Cell attachment and growth

Luteal cells were seeded in 12-multiwell plates at a
density of 2 x 10° viable cells/well. After 24 h, attached
cells in S wells were separately collected after treatment
with trypsin-EDTA solution, and the number of viable
attached cells in each well was determined. Media in
the other wells were changed, and then the luteal cells
were cultured in medium with or without TNF-«
(3000 U/ml) and IFN-y (1000 U/ml) for 3 or 6 days
with a medium change on day 3. In each culture, 5 or
6 wells were used. After culture, attached cells in each
well were collected, and the number of viable cells in
each well was determined.

Effects of cytokines on NO production and the number of
viable cells

Luteal cells were seeded in 12-multiwell plates at a
density of 2 x 10° viable cells/well. After 24 h medium
was changed and then these cells were cultured in
medium containing cytokine(s) in the presence or ab-
sence of a NOS inhibitor for 6 days. In each culture
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condition, 4 or 5 wells were used. Cultures without
cytokines and NOS inhibitors served as controls. On
days 3 and 6, culture medium in each well was col-
lected, and centrifuged at 1000 g for 10 min, and the
supernatant was stored at — 20°C until assay for nitrite
and nitrate. On day 6, attached cells in each well were
collected and the number of viable cells in each well
was determined.

Number of viable cells

Cells were suspended in 0.1 ml of Dulbecco’s phos-
phate buffered saline, pH 7.2 (PBS), and then mixed
with 0.1 ml of 0.3%, trypan blue in PBS. The number
of viable cells was counted in a hemocytometer.

Assay of nitrite and nitrate

The amount of nitrite and nitrate was measured by
an automated procedure based on the Griess reaction.
Briefly, samples were passed through a cadmium
column to reduce nitrate to nitrite. Then nitrite was
treated with the Griess reagents to form a chromophore
with absorption at 540 nm. The amount of nitrite and
nitrate produced by cultured cells was calculated by
subtracting the amount of nitrite and nitrate in medium
before culture from that in medium after culture [21].

RT-PCR of iNOS mRNA

Luteal cells were seeded in 6-multiwell plates at a
density of 4 x 10° cells/well. After 24 h, medium was
changed, and then these cells were cultured in medium
without cytokines, with IFN-y (1000 U/ml) and TNF-
o (3000 U/ml), or with IFN-y (1000 U/ml), TNF-a
(3000 U/ml) and IL-18 (10 U/ml) for 3 days. After
culture, total RNA in attached cells was extracted with
the TRIzol reagent (GIBCO Laboratories) according
to the manufacturer’s instruction. Conversion of RNA
to cDNA and amplification of iNOS cDNA or #-actin
cDNA were carried out using a Takara RT-RCR Kkit.
The solution (20 ul) for production of cDNAs con-
sisted of 1 ug RNA, SmM MgCl,, | mM dNTDs,
1 U/ml RNase inhibitor, 0.25 U/ml AMYV reverse tran-
scriptase, and 2.5 pM oligo (dT),, primer in RNA PCR
buffer 20mM Tris-HCl, 100mM NaCl, 0.1 mM
EDTA, 1 mM dithiothreitol, 0.019% Triton X-100,
509 glycerol, pH 7.5). This solution was subsequently
incubated at 45°C for 15 min, at 99°C for 5 min, and at
5°C for 5min. Then, the solution (20 pl) was mixed
with a mixture (80 ul) that consisted of 4 mM MgCl,,
2.5U/100 ul Takara Taq polymerase, 0.2uM up-
stream and downstream oligonucleotide primers in
RNA PCR buffer. Upstream and downstream primers
for iNOS cDNA and f-actin cDNA were 5'-CCAC-
CTTGTTCAGCTACGCC-3" and 5-GGACATCA-
AAGGTCTCACAG-3’, and 5-TAAAGACCTCTA-
TGCCAACAC-3' and 5-CTCCTGCTGATCCA-
CAT-3’, respectively [12, 22]. cDNA of iNOS or §-
actin was amplified by 25 thermal cycles, that is 30 s at
95°C, 30s at 55°C and 30s at 72°C. RCR products of
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iNOS cDNA from 2 ug RNA, and those of f-actin
from 0.1 ug RNA were electrophoresed on 3%, agarose
gel containing 0.1 ug/ml ethidium bromide.

Statistics

Statistical significance (P < 0.05) was determined by
the Mann-Whitney test.

RESULTS
Histochemistry of 3f-hydroxysteroid dehydrogenase

Luteal cells (2 x 10° viable cells/well) were cultured
for 24 h for cell attachment, and attached cells har-
vested from each well were stained by histochemistry
of 3p-hydroxysteroid dehydrogenase. The percentage
(mean + SE: n = 5) of stained cells was 96.6 + 1.29%,.

Cell attachment and growth

Luteal cells (2 x 10° viable cells/well) were cultured
for 24 h for cell attachment, and then attached cells
were cultured in medium with or without TNF-«
(3000 U/ml) and IFN-y (1000 U/ml) for 3 or 6 days. On
day O of culture (day of the start of culture with or
without cytokines), the number of viable attached cells
was 4.74 + 1.1 x 10* cells/well (mean + SE: n = 5) and
23.7 + 5.59%, of the seeded cells were attached to the
wells. The numbers of viable cells (means + SE: n = 5)
on days 3 and 6 of culture without cytokines were
9.5+ 1.5 x 10* and 10.7 + 0.8 x 10* cells/well, respect-
ively; the number of viable cells increased about 2-fold
on day 3, but there was no further increase on day 6.
The numbers of viable cells (means + SE: n = 6) on
days 3 and 6 of culture with TNF-a and IFN-y were
9.0+ 0.7 x 10* and 3.6 + 0.3 x 10* cells/well, respect-
ively. The number of viable cells on day 3 of culture
with TNF-« and IFN-y was similar to that in culture
without cytokines, but on day 6, it decreased to about
one-third of the cell number on day 3.

Effects of cytokine(s) on NO production and number of
wviable luteal cells

Table 1 shows the effects of a cytokine or a NOS
inhibitor on NO production and number of viable
luteal cells. A cytokine, IL-18 (30 U/ml), IFN-y
(1000 U/ml) or TNF-a (3000 U/ml), and a NOS in-
hibitor, L-NMMA (0.5mM), or aminoguanidine
(0.5 mM) exerted no significant effects on NO pro-
duction and number of viable cells.

Table 2 shows the effects of various combinations
of cytokines on NO production and number of viable
luteal cells. The combination of TNF-a (3000 U/ml)
and IL-18 (10 U/ml) affected neither NO production
nor number of viable cells. Combinations of IFN-y
(1000 U/ml) and IL-18 (10U/ml), and IFN-y
(1000 U/ml) and TNF-a (3000 U/ml) increased NO
production during days 0-3, and days 4-6 a little, but
significantly. The combination of IFN-y and TNF-«
decreased the number of viable cells by about 40%,, but
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Table 1. Effects of various cytokines on NO production and
number of viable cells

Nitrite + Nitrate (uM)

No. of
Treatment Days 0-3 Days 4-6 viable cells
None (control) 27403 1.4+4+03 100.0+7.5
IL-18 (30 U/ml) 1.74+0.2 1.7+0.5 103.5 + 16.6
IFN-y (1000 U/ml) 34404 2340.1 126.2 +10.9
TNF-« (3000 U/ml) 2.240.2 1.5+0.1 969+ 17.4
L-NMMA (0.5mM) 20402 10401 1062498
Aminoguanidine 2.5+0.1 144+0.1 98.8 +9.7
(0.5 mM)

Luteal cells were cultured in medium containing a cytokine or a NOS
inhibitor for 6 days. On days 3 and 6, medium was collected, and
the amount of nitrite and nitrate in the medium was measured.
On day 6, the number of viable cells was determined. The mean
number (8.7 + 0.6 x 10*) of viable cells in the control culture
was regarded as 100.0. Results represent means + SE for 4 or 5
wells.

that of IFN-y and IL-1§ did not. The combination of
three cytokines increased NO production during days
0-3, and days 46 markedly, and decreased the number
of viable cells by about 50%. A NOS inhibitor, L-
NMMA (0.5 mM) abolished the increase in NO pro-
duction induced by the combination of three cytokines
completely, but did not affect the number of viable
cells.

Table 3 shows the effects of combinations of IFN-y
(1000 U/ml) and TNF-a at various concentrations on
NO production and the number of viable cells. Only
the combination of IFN-y and TNF-« at 3000 U/ml
increased NO production during days 0-3, but all
combinations of IFN-y and TNF-a at 500, 1000, and
3000 U/ml increased NO production during days

Table 2. Effects of various combinations of cytokines on NO
production and number of viable cells

Nitrite + Nitrate (uM)

No. of
Treatment Days 0-3 Days 4-6 viable cells
None (control) 0.9 +0.1 1.84+0.1 100.0 +12.1
TNF-a + IL-18 0.8+0.1 22404 98.6 +9.4
IL-18 + IFN-y 1.5+01* 33402* 1056+6.0
TNF-a + IFN-y 1.6 £ 0.1* 5.4 +0.3* 61.342.2%
TNF-a + IFN-y + 6.5+0.2% 1494 0.5% 51.8 +£2.2*
IL-18
TNF-o + IFN-y + 1.0+02t 10+01}1  48.7453*

IL-18 + L-NMMA

Luteal cells were cultured in medium containing various combi-
nations of cytokine in the presence or absence of a NOS inhibitor,
L-NMMA. Concentrations of TNF-a, IL-18, IFN-y and L-
NMMA were 3000, 10, 1000 U/ml and 0.5 mM, respectively. On
days 3 and 6, medium was collected, and the amount of nitrite and
nitrate in the medium was measured. On day 6, the number of
viable cells was determined. The mean number (12.2 + 1.5 x 10%)
of viable cells in the control culture was regarded as 100.0. Results
represent means + SE for 4 or 5 wells.

*P < 0.05, significant difference from the value of the control culture.

1P <0.05, significant difference from the value of culture with
TNF-«, IFN-y and IL-18.
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Table 3. Effects of combinations of IFN-y and TNF-u at
various concentrations on NO production and number of
viable cells

Nitrite + Nitrate (uM)

No. of

Treatment Days 0~3  Days 4-6 viable cells

None (control) 0.9+0.1 0.940.1 100.0+ 4.8

TNF-a (500 U/ml) 1.2+0.1 2940.1* 69.3 +4.2*
+IFN-y

TNF-a (1000 U/ml) 1.3+£0.2 3.5+0.2* 60.2 + 12.0*
+ IFN-y

TNF-a (3000 U/ml) 24408 33102 32.24+49*%
+IFN-y

TNF-a (3000 U/ml) 1.0+02f 14+0.2t% 303+1.7*
+IFN-y + L-NMMA

TNF-a (3000 U/ml) 1.1+0.1¥ 1.2+40.1} 323+1.1*

+IFN-y + aminoguanidine

Luteal cells seeded at a density of 2 x 10° vaible cells/well were
cultured in meium with INF-y (1000 U/ml) and TNF-a at
various concentrations in the presence or absence of a NOS
inhibitor, L-NMMA (0.5 mM) or aminoguanidine (0.5 mM) for
6 days. On days 3 and 6, medium was collected, and the amount
of nitrite and nitrate was measured. On day 6, the number of
viable cells was determined. The mean number (10.4 + 5.0 x 10%)
of viable cells in the control culture was regarded as 100.0. Results
represent means 1+ SE for 4 or S wells.

*P < 0.05, significant difference from the value of the control culture.

+P < 0.05, significant difference from the value of culture with
IFN-y and TNF-a (3000 U/ml).

4-6. Combinations of IFN-y and TNF-a at all
concentrations decreased the number of viable cells,
the decrease being dependent on concentrations of
TNF-a. NOS inhibitors, L-NMMA (0.5mM) and
aminoguanidine (0.5 mM) completely inhibited NO
production induced by the combination of IFN-y and
TNF-« (3000 U/ml), but did not affect the number of
viable cells.

Effects of cytokines on iNOS mRNA expression

Luteal cells were cultured in medium without cy-
tokines, or with IFN-y (1000 U/ml) and TNF-a
(3000 U/ml), or IFN-y (1000U/ml), TNF-a
(3000 U/ml) and IL-1f (10U/ml) for 3 days, and
expression of iNOS mRNA in cultured luteal cells
was examined by a RT-PCR method (Fig. 1). The
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Fig. 1. Expression of iNOS mRNA in mouse luteal cells
cultured in medium with or without cytokines for 3 days.
Ethidium bromide-stained agarose gel of 387 bp PCR prod-
ucts of iNOS cDNA (a, b, ¢) and 210 bp sequence of f-actin (d,
e, f) is shown. (a and d) Culture with IFN-y (1000 U/ml),
TNF-a (3000 U/ml) and IL-18 (10 U/ml), (b and e) culture with
IFN-y (1000 U/ml) and TNF-« (3000 U/ml), (c and f) culture
without cytokines.
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iNOS mRNA expression was detected in luteal cells
cultured in medium with IFN-y, TNF-« and IL-18,
but not in those cultured in medium with IFN-y
and TNF-a or without cytokines.

DISCUSSION

In our luteal cell culture system, dispersed cells from
corpora lutea were used. These cells contain various
cell types, such as endothelial cells, fibroblasts and
blood cells besides luteal cells [23]. However, after 24 h
of culture in serum-free medium for cell attachment,
almost all attached cells were stained by histochemistry
of 3f-hydroxysteroid dehydrogenase, suggesting that
these cells are luteal cells. Therefore, the effects of
cytokines and/or NOS inhibitors found in our culture
system seem to reflect their effects on luteal cells.

Combinations of cytokines including both IFN-y
and TNF-« decreased the number of viable cells on day
6 of culture. In culture without cytokines, the number
of viable cells increased about 2-fold on day 3, and
remained unchanged on day 6. The combination of
IFN-y and TNF-a did not affect the number of viable
cells on day 3, but decreased it on day 6. Therefore, the
decrease in cell number on day 6 caused by these two
cytokines is not due to their inhibitory action on cell
growth, but to their cytotoxic action on cells during
days 4-6. In addition, a cytokine alone did not decrease
the number of viable cells, and synergism of IFN-y and
TNF-o was required for their cytotoxic action as
reported previously [3].

A cytokine alone did not induce NO production, but
NO production was enhanced by synergistic actions of
cytokines. Combinations of IFN-y and TNF-«, and
IFN-y, TNF-a and IL-18 caused an increase in NO
production as well as a decrease in cell number. How-
ever, a NOS inhibitor completely abolished the in-
crease in NO production without effects on cell
number. Therefore, cytotoxic actions of combinations
of cytokines are independent of NO production in-
duced by them. The result that the combination of
IFN-y and IL-18 increased NO production without
effects on cell number is consistent with this indication.
In cultures of various cells or tissues, some studies
suggested that cytotoxity induced by cytokines is de-
pendent on NO production stimulated by cytokines,
and the other studies did not. In culture of rat ovarian
cells without luteal cells, Ellman et al. [13] reported
that NO mediated IL-18-induced cellular cytotoxity,
but in contrast, Ben-Shlomo et al. [10] reported that
IT.-1B-induced cellular cytotoxity was independent of
NO. The reason for the different results between the
two studies is unknown. In culture of transformed
murine fibroblasts, rat insulinoma cells, dispersed islet
cells of mice, and mouse pancreatic islets, NO is shown
to be a mediator of cytotoxic actions of cytokines
[12-15], but in culture of human pancreatic islets,
cytotoxity caused by cytokines is shown to be indepen-
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dent of NO [11]. Cui et al. [24] reported that sensi-
tivities of cells to cytotoxic actions of NO were different
between two types of tumor cells. Thus, contributions
of NO in cytotoxic actions of cytokines may differ
depending on sensitivities of various types of cells to
NO or levels of NO produced by these cells.

The expression of iINOS mRNA was detected in
luteal cells cultured in medium with IFN-y, TNF-«
and IL.-1p, although it was not detected in luteal cells
cultured in medium with IFN-y and TNF-a, and
without cytokines. These results indicate that iNOS is
responsible for the increase in NO production induced
by the combination of IFN-y, TNF-a and IL-18.
Non-detection of iNOS mRNA expression in luteal
cells cultured in medium with IFN-y and TNF-«
seems to be ascribed to the smaller increase in NO
production induced by the combination of IFN-y and
TNF-«, compared to that induced by the combination
of three cytokines.

NO exerts many of its actions by binding iron-con-
taining enzymes. NO is known to enhance the activity
of the heme containing enzyme, cyclooxygenase, lead-
ing to stimulation of prostaglandin production [25].
Benyo and Pate [2] showed that IFN-y and TNF-«
synergistically increased the prostaglandin (PG) F,,
production in cultured bovine luteal cells, and Noth-
nick and Pate [26], and Townson and Pate [27] re-
ported that IL-1§ also enhanced PGF,, in cultured
bovine luteal cells. In our study, the combination
of IFN-y and TNF-ua increased NO production by
cultured mouse luteal cells, but IL-1§ did not. Fur-
thermore, Ben-Shlomo et al. [10] showed that IL-
13-stimulated PG E, production by cells dispersed
from rat ovaries without corpora lutea was independent
of IL-1B-induced NO production. Therefore, it is
likely that cytokine-induced production of prostaglan-
dins by luteal cells is independent of NO produced
by these cells.

The cytochrome P450 steroidogenic enzymes are
also iron containing enzymes [28] so it is possible that
NO modulates activities of these enzymes. Van Voorhis
et al. [29] reported that NO donors added to culture
medium decreased progesterone and estradiol secretion
by human granulosa-luteal cells dose-dependently. On
the other hand, Benyo and Pate [2] showed that IFN-y
and TNF-a synergistically decreased LH-stimulated
progesterone secretion by cultured bovine luteal cells.
In our study, IFN-y and TNF-a synergistically in-
creased NO production by mouse luteal cells. Thus, it
is possible that NO produced by luteal cells through
synergistic actions of cytokines plays a role in the
decrease in progesterone secretion by these cells. This
possibility may be worth further investigation.

In conclusion, the present results indicate that death
of cultured luteal cells induced by synergistic actions of
cytokines is independent of NO produced by these
cells.
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