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The Morphogenic/Cytotoxic and Prostaglandin-stimulating Activities
of Interleukin-18 in the Rat Ovary Are Nitric Oxide Independent
1. Ben-Shlomo,* E. Y. Adashi, and D. W. Payne
Division of Reproductive Endocrinology, Departments of Obstetrics/Gynecology and Physiology, University of Maryland at Baltimore,
Baltimore, Maryland 21201; and the Rebecca Sieff Hospital, Safed, Israel

Abstract
Nitric oxide (NO) has been implicated as a mediator of
physiologic and pathologic cellular injury. Since the cyto-
kine interleukin-lfi (IL-1I) induces nitric oxide synthase
(NOS) activity as well as effects morphogenic/cytotoxic
changes and increased prostaglandin (PGE2) levels in cul-
tured whole ovarian dispersates, we set out to determine
whether these actions are interrelated. Treatment with IL-
1,B resulted in a marked increase in media nitrite and nitrate
accumulation, morphological alterations, and increased re-
lease of lactate dehydrogenase (LDH) into media. Addition
of IL-1 receptor antagonist (RA) eliminated these IL-1i8
effects. In contrast, specific inhibitors of NOSfailed to re-
verse IL-16-induced morphogenic changes or LDH release
in spite of complete reduction of media nitrite to control
levels. Similarly, treatment with transforming growth factor
(i,, inhibited IL-18-induced nitrite accumulation, but had
no effect on the morphologic or cytotoxic endpoints. More-
over, the addition of sodium nitroprusside, an NOgenerator,
resulted in progressive increments in media nitrite content
without a corresponding increase in the IL-lfi-associated
morphogenic changes or media LDHcontent. Furthermore,
IL-i-induced PGE2accumulation remained unaffected by
specific NOSinhibition. These observations support the view
that NO does not mediate the morphogenic/cytotoxic or
inflammatory-like (e.g., PGE2 inducing) properties of IL-
1,B in cultured whole ovarian dispersates. Although the pre-
cise role of NOin ovarian physiology remains unknown, it
is possible that NOparticipates in the periovulatory modula-
tion of ovarian blood flow by virtue of its potent vasodilatory
activity. (J. Clin. Invest. 1994. 94:1463-1469.) Key words:
interleukin-1 * nitric oxide * prostaglandins * nitric oxide
inhibitors * rat ovary

Introduction
The free radical gas, nitric oxide (NO),' the subject of intense
multidisciplinary investigation, is a labile messenger molecule
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tagonist.

in multiple tissues. It is formed from L-arginine by nitric oxide
synthase (NOS), a family of distinct gene products (1-3).
Among its multiple actions, NO has been implicated as an
effector in physiologic and pathologic cellular injury (1, 3).
The cytotoxic, cytostatic and mutagenic properties of NOare
largely due to the crippling formation of iron/sulfur-nitrosyl
complexes in key enzymes associated with DNAsynthesis and
cellular respiration. Formation of reactive nitrogen intermedi-
ates and the stimulation of cGMPsignaling may also be in-
volved (1, 3, 4). NOhas been shown to induce macrophage
death by apoptosis (5) and to cause DNAdamage and mutation
in a human cell line (6).

A role for NO, formed by the action of the inducible isoform
of NOS (iNOS), in the mediation of activated macrophage-
induced cytotoxicity is well established (7, 8). Although iNOS
(in contrast to constitutive forms which mediate vasodilation
and neurotransmission), have been found in multiple, non-
phagocytic tissues (1), their role in these tissues is less clear.
A variety of inflammatory cytokines, of which interleukin-1
(IL-i ) is one, induce NOformation. IL-1 -induced NOforma-
tion suppresses the beating rate of cultured cardiac myocytes
(9), occurs in vascular smooth muscle (10), and inhibits insulin
secretion by pancreatic islet cells (11, 12).

It is against this backdrop that we set out to determine
whether NOgeneration plays a role in the morphogenic/cyto-
toxic (13) and prostaglandin-stimulatory (14) activities of IL-
1 in cultured rat whole ovarian dispersates. That this may in
fact be the case has been suggested by our recent demonstration
of the potent ability of IL-4I to stimulate ovarian iNOS activity
(15). While this manuscript was in preparation, Ellman et al.
(16) suggested that the cytotoxic effects of IL-1p in the ovary
are mediated by NO. Our present findings do not support this
conclusion but rather suggest that the morphogenic/cytotoxic
(13) and the prostaglandin stimulatory activities (14) of IL-1
in the rat ovary are NOindependent.

Methods

Materials and hormones. Recombinant human IL-iI# (2 X 107 U/mg)
was generously provided by Drs. Errol B. De Souza and C. E. Newton of
DuPont-Merck Pharmaceutical Co. (Wilmington, DE). Recombinantly-
expressed, naturally occurring human IL-l1,/ receptor antagonist (RA;
17) was generously provided by Dr. Daniel E. Tracey (The Upjohn
Co, Kalamazoo, MI). Transforming growth factor /,1 (TGF/,) was
generously provided by Dr. J. P. Mather (Genentech, San Francisco,
CA). McCoy's 5a medium (without serum), penicillin-streptomycin
solution, L-glutamine, trypan blue stain and bovine serum albumin were
obtained from GIBCOBRL (Grand Island, NY). Collagenase (Clostrid-
ium Histolyticum; CLS type I; 144 U/mg) was from Worthington Bio-
chemical Corp. (Freehold, NJ). DNAse (bovine pancreas), lactate de-
hydrogenase (LDH) assay kits, sodium nitroprusside, sulfanilamide,
N( l-naphthyl)ethylenediamine dihydrochloride, phosphoric acid,
NaNO2 and aminoguanidine hemisulfate salt (AG) were from Sigma
Chemical Co. (St. Louis, MO). NG-monomethyl-L-Arginine Monoace-
tate (MLA) was obtained from Calbiochem Corp. (San Diego, CA).
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Tissue culture. Immature (25-28 d old) Sprague-Dawley female
rats were purchased from Zivic-Miller Laboratories (Zelienopole, PA).
Whole ovarian dispersates (5 X 105 viable cells/dish) were prepared
as previously described (18). Cells were inoculated onto 35 x 10 mm
tissue culture dishes (Falcon Plastics, Oxnard, CA) containing 1 ml of
McCoy's 5a medium (modified, without serum) containing L-arginine-
HC1(0.24 mM). Media were supplemented with L-glutamine (2 mM),
penicillin ( 100 U/mL), and streptomycin ( 100 ugg/mL). Cell cultures
were maintained for 96 h at 370C under a water-saturated atmosphere
of 5% CO2 and 95% air. Stocks of IL-1,8 (500 ng/ml), RA (1.1 mg/
ml) and NOSinhibitors (4 mM)were prepared in sterile culture medium
and stored at -20'C until thawed and diluted in sterile culture medium
for addition to cultures at the time of plating. At the end of each experi-
ment collected media were immediately assayed for LDHactivity and/
or stored at -200C until assayed for nitrite/nitrate, or prostaglandin E2
(PGE2) content as described below.

Nitrite and nitrate assays. Nitrite concentrations in conditioned me-
dia were determined by a previously described calorimetric method (7,
19) adapted and miniaturized by us to a microtiter plate system. Greiss
Reagent was prepared fresh daily by mixing equal volumes of Stock
A (10% sulfanilamide, 40% phosphoric acid) and Stock B (1% N[1-
naphthyl] ethylenediamine dihydrochloride in distilled water), both
stored at 40C. For the assay, conditioned media were thawed and appro-
priate quantities were added to each microtiter plate well, along with
25 ul of Greiss Reagent and unconditioned medium to bring the final
volume to 200 ,1l. Absorbance at 570 nm (70% of the maximum ab-
sorbance of 545 nm) was read at ambient temperature in a UVmax
microtiter plate reader (Molecular Devices, Menlo Park, CA). Nitrite
concentrations were calculated using a software package (ASoft, Bio-
Metallics, Inc., Princeton, NJ) designed for this device, against a stan-
dard curve for NaNO2. The stock solution (100 jLM) for NaNO2was
prepared in McCoy 5a medium and stored at -200C.

Total nitrate plus nitrite content was determined by Greiss assay as
above following enzymatic conversion of media nitrates to nitrites using
our modification of a previously described method (20). Specifically,
conditioned media (100 ul), or NaNO3standard were incubated over-
night at room temperature in a buffer (final volume = 200 AI) containing
as follows (final concentration): potassium phosphate (40 mM; pH
7.4), EDTA(0.45 mM), DTT (0.45 mM), sucrose (110 mM), NADPH
(0.25 mM) and nitrate reductase (10 mU) from Aspergillus (Sigma
Chemical Co., St. Louis, MO). Under these conditions the standard
curves for NaNO2and reduced NaNO3were nearly identical confirming
that nitrates were completely converted to nitrites.

Lactate dehydrogenase (LDH) assay. LDH leakage into media was
taken as an indication of compromised membrane integrity (21) and
was determined by conversion of lactate to pyruvate in the presence of
NAD. The rate of NADHproduction was monitored by absorbance at
340 nmin a UVmaxkinetic microtiter plate reader (Molecular Devices).
Premixed reagents (LD-L Kit; Sigma Chemical Co.) were adapted by
us for use in this miniaturized system as follows. Freshly collected
conditioned media were diluted 10-fold in LDH assay solution (final
volume = 200 ts) and absorbance at 340 nm was immediately moni-
tored at 1 min intervals for 30 min. The assay was linear with media
volume up to about 15 mOD/min (equivalent to approximately 5 mU/
ml of a commercial LDH standard). In this system, an absorbance of
2963 mODper mMNADHwas observed which is 90% of the predicted
value based on the molar extinction coefficient of NADH(0.53 cm path
length). LDH activity was calculated based on this NADHconversion
factor where one unit is equivalent to 1 smol NADHproduced per
minute.

Prostaglandin-E2 (PGE2) radioimmunoassay. Media PGE2 content
was measured using a specific radioimmunoassay with PGE2-directed
antisera (22) generously provided by Dr. Harold R. Behrman (Yale
University, New Haven, CT).

Morphologic assessment. Photomicrographs of cultured cells
(x200) were taken with a phase contrast microscope (Olympus Model
LMT-2, Cherry Hill, NJ) fitted with Hoffman optics.

Data analysis. Each experiment represents duplicate assays of tripli-
cate cultures. Each such experiment was replicated a minimum of three
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Figure 1. Inhibition of IL-1I3-stimulated NOgeneration by IL-I recep-

tor antagonist and by inhibitors of iNOS. Whole ovarian dispersates (5
x 10' viable cells/dish) were cultured for 96 h under serum-free condi-
tions in the absence or presence of IL-1/3 (50 ng/ml), with or without
IL-1 RA (5 ,ug/ml), AG(0.4 mM), or MLA(0.4 mM). Media nitrate
(open bars) and nitrite (solid bars) content were measured as described
in Methods. Results represent the mean±SE of 3-5 separate experi-
ments. Significance by ANOVAanalysis for both nitrates and nitrites
(relative to the -IL control) is noted (*).

times. Data points are presented as mean±SEand statistical significance
(Fisher's Protected Least Significant Difference) was determined by
ANOVAanalysis as noted in the text and legends. Statistical values
were calculated using Statview 512+ for MacIntosh (Brain Power, Inc.,
Calabasas, CA). Statistical significance (P < 0.05) is denoted in fig-
ures (*).

Results

IL-1/3-stimulated NOgeneration is blocked by an IL-I receptor
antagonist and by inhibitors of NOS. Whole ovarian dispersates
were cultured for 96 h under serum-free conditions in the ab-
sence or presence of 1L-1/3, with or without the IL-I receptor
antagonist (RA), or specific inhibitors (11, 23-25) of iNOS,
aminoguanidine (AG) and NG-monomethyl-L-arginine (MLA).
As shown (Fig. 1), treatment with IL-1p resulted in 7- and 4-
fold increases over control in the accumulation of the stable
products of labile NO(nitrites, solid bars; nitrates, open bars,
respectively). Addition of RAeliminated the 11-1 effect. Com-
parable inhibition was observed after the application of optimal
concentrations (0.4 mM) of AGor MLA, both putative inhibi-
tors of iNOS (11, 23-25). These findings indicate that the
ability of IL-1 to promote ovarian NOgeneration is receptor-
mediated and that iNOS may be involved. In addition, these
observations reveal a comparable pattern of accumulation for
nitrites and nitrates suggesting that analysis of nitrite accumula-
tion alone (as used below) adequately reflects NOproduction.

NO does not mediate IL-lp-induced morphogenic/cyto-
toxic alterations in cultured whole ovarian dispersates. To ex-

amine the possibility that NOmay mediate the previously de-
scribed (13) morphogenic/cytotoxic actions of IL-1/3 in the rat
ovary, whole ovarian dispersates were cultured for 96 h under
serum-free conditions in the absence or presence of IL-1/3, with
or without RA (Fig. 2) or maximal doses (see Fig. 1) of iNOS
inhibitors (Fig. 3). Treatment with EL-1/3 (Fig. 2 B) resulted in
the same marked morphological alterations (cellular retraction,
clumping and aggregation) which we described previously in
detail (13). The typical morphogenic outcome (e.g., morpho-
genic effect) of IL-1,/ action (i.e., clumps of cells which can
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Figure 2. IL-1,8-induced morphogenic/cytotoxic alterations in cultured whole ovarian dispersates are IL-I receptor-mediated. Whole ovarian
dispersates (5 x 105 viable cells/dish) were cultured for 96 h under serum-free conditions in the absence or presence of IL-l13 (50 ng/ml), with
or without IL-I RA (5 jsg/ml). (A) Control; (B) IL-l13; (C) RA; (D) IL-l,8 + RA. Data reflect a representative experiment.

be seen as dark areas in Fig. 2 B) represents an intermediary
phase which ultimately leads to injury and/or lifting of cells
from the dish (e.g., cytotoxic effect). Concurrent provision of
RA eliminated these changes (Fig. 2 D). In contrast, addition
of AG (Fig. 3 B) or MLA (Fig. 3 D) failed to reverse the
morphologic effects of IL-1/3 in the face of a marked reduction
in the accumulation of NOproducts (Fig. 1). Taken together,
these observations argue against the possibility that the morpho-
genic/cytotoxic effects of IL-1if (see Fig. 2 B) require the
intermediacy of NO.

To further assess the possible role of NO in the ability of
IL-1ip to exert a morphogenic/cytotoxic effect, media LDH
levels were measured. Leakage of cytosolic LDH into media is
an accepted marker of diminished membrane integrity (21 ) and
is one of several functional endpoints of IL-1/3-induced cyto-
toxicity which we have described previously (13). Treatment
with IL-i,6) produced a nearly twofold increase over baseline in
the extracellular accumulation of LDH (Fig. 4). Basal levels
of extracellular LDHactivity presumably represent inherent cel-
lular damage associated with the culture system under study.
Concurrent addition of RA produced complete reversal of this
IL-1,/ effect. In contrast, the addition of AG or MLA failed
to reverse the 1L-1/3-stimulated accumulation of LDH (not
significantly different from IL-/3 alone) despite marked decre-
ments in the generation of NOproducts (see Fig. 1). To the
extent that LDH constitutes an acceptable marker of cellular

cytotoxicity, the present findings argue against an intermediary
role of NOin the ability of IL-1,/ to effect cytotoxic alterations
in cultured rat whole ovarian dispersates.

Since TGF,/1 has been shown to inhibit the NO-mediated
effects of 11-1/3 in cardiac myocytes (9), we examined whether
IL-1/3-mediated nitrite production in the ovary could be re-
versed by TGF/3I. As shown (Fig. 5, top panel), IL-/l3-in-
duced nitrite production in whole ovarian dispersates is inhib-
ited by TGF/31 in a dose-dependent fashion, with an EC50 of
2.7 ng/ml and maximal inhibitory effect (98%) at the 50 ng/
ml dose level. In spite of the complete inhibition of nitrite
accumulation by TGF/31 (Fig. 5, top panel), neither the IL-1/3-
induced increase in media LDH levels (Fig. 5, bottom panel)
nor the 1L-1-associated morphologic changes (not shown)
were reversed by TGF/I3. That is, no significant (ANOVAanal-
ysis) inhibitory changes were observed for any TGF,/ dose in
the presence of IL-1/3, compared with IL-1,/ alone.

To further assess a possible role of NOin the induction of
the morphogenic/cytotoxic changes observed with 1L-1,/ treat-
ment, whole ovarian dispersates were cultured for 96 h under
serum-free conditions in the absence or presence of increasing
concentrations of sodium nitroprusside (0.05-0.5 mM), an NO
generator. As shown (Fig. 6, top panel), the provision of in-
creasing concentrations of sodium nitroprusside resulted in pro-
gressive, significant (*) increments in the nitrite content of
conditioned media. Importantly, regardless of the sodium nitro-
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Figure 3. IL-l,6-induced morphogenic/cytotoxic alterations in cultured whole ovarian dispersates are not reversed by iNOS inhibitors. Whole
ovarian dispersates (5 X 105 viable cells/dish) were cultured for 96 h under serum-free conditions in the absence or presence of IL-1,/ (50 ng/
ml), with aminoguanidine (0.4 mM) or MLA (0.4 mM). (A) AG; (B) L-/P + AG; (C) MLA; (D) 11-1/3 + MLA. Data reflect the same
representative experiment as shown in Fig. 2.

40 *L *
20-

_
N S ~~~~~~T

10-

Control RA AG MLA

Figure 4. IL-lB-induced cytotoxic LDH release is not reversed by
iNOS inhibitors. Whole ovarian dispersates (5 X 105 viable cells/
dish) were cultured for 96 h in the absence or presence of IL-1,B
(50 ng/ml), with or without IL-1 RA (5 jg/ml), AG (0.4 mM),
or MLA (0.4 mM). Media LDH activity was determined as de-
scribed in Methods. Data reflect the mean±SE of 3-4 separate
experiments. Significance by ANOVAanalysis relative to the + IL-
1,/ control is noted (*). Results were also significant (not shown)
for the AGand MLAtreatments, comparing each -IL-1,B to
+IL-1,B.

prusside dose, the media content of nitrites associated with cul-
tured whole ovarian dispersates proved substantially higher than
those measured in the absence of cultured cells (Fig. 6, top
panel, dashed line). These observations suggest that the exoge-
nously added sodium nitroprusside was processed intracellularly
to yield increasing (cell dependent) concentrations of free mea-
surable nitrite. However, despite the establishment of media
nitrite concentrations in excess of those observed following
stimulation with IL-1I (Fig. 1), no significant increase (by
ANOVAanalysis; P = 0.89) was noted for the LDH content
(Fig. 6, bottom panel) of the corresponding media. Furthermore,
no IL-1 -like morphologic changes were observed when nitro-
prusside (maximal NO-producing dose) was added to the media
(Fig. 7, and see Fig. 2, A and B). Taken together, these observa-
tions fully support the view that NOdoes not constitute a cyto-
toxic messenger in cultured rat whole ovarian dispersates.

NOdoes not mediate IL-1/3-stimulated PGE2biosynthesis.
To examine the possibility that NOmay mediate the property
of IL-1p to induce inflammatory prostanoids (14) in the rat
ovary, whole ovarian dispersates were cultured for 96 h in the
absence or presence of IL-1p, with or without RA, AG, or
MLA. As shown (Fig. 8), treatment with IL-1/p resulted in a
fivefold increase over baseline in the accumulation of PGE2as
expected (14). The concurrent provision of RA yielded com-
plete reversal of the IL-1,/ effect. In contrast, the addition of
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Figure 5. TGF/3I antagonizes IL-lpi-induced nitrite formation but not
IL-1/3-induced cytotoxic LDH release. Whole ovarian dispersates (5
x 105 viable cells/dish) were cultured for 96 h in the absence or

presence of IL-i,/ (50 ng/ml) and increasing quantities (0.5-50 ng/
ml) of TGF,/I. Media were assayed for nitrite (top panel) or LDH
activity (bottom panel). Data reflect mean±SE of 3-4 experiments.
Data are normalized to the control values, designated 1, for each experi-
ment. The actual mean control values are 10±3.2 uM for nitrite (top
panel) and 16.4±1.4 mU/ml for LDH activity (bottom panel). Signifi-
cance by ANOVAanalysis relative to the -IL-i/I alone is noted (*).

putative inhibitors of iNOS (AG or MLA) failed to reverse

the IL-i/I-stimulated accumulation of PGE2 despite marked
decrements in the generation of NOproducts (Fig. 1). These
findings argue against an intermediary role of NOin the prosta-
glandin-stimulating property of IL-i/I in cultured rat whole
ovarian dispersates.

Discussion

We have previously reported (13) that IL-/I8 exerts specific
dose- and time-dependent morphogenic/cytotoxic effects in cul-
tured rat whole ovarian dispersates, an effect characterized by
cellular retraction, rounding, clumping, aggregation, blebbing,
swelling, and ultimately, detachment. In that same experimental
system we have shown (14) that IL-1p3 induces the formation
of PGE2, a well-known mediator of inflammation. These obser-
vations coupled with our recent demonstration of the potent
ability of IL-1, to stimulate the activity of ovarian iNOS (15),
prompted us to determine whether NOgeneration, otherwise a

commoncytotoxic mediator (7, 8) of macrophage action, might
in fact mediate the morphogenic/cytotoxic and inflammatory-
like actions of IL-1,/ in the rat ovary.

Our present findings demonstrate that putative inhibitors of
iNOS failed to affect the morphogenic/cytotoxic and prosta-
glandin-stimulating activities of IL-1/3 in the face of a marked

0 0.05 0.1 0.25 0.5

Nitroprusside (mM)
Figure 6. Sodium nitroprusside does not increase LDH release in cul-
tured whole ovarian dispersates. Whole ovarian dispersates (5 x 105
viable cells/dish), or cell-free cultures (dashed line, upper panel) were
carried for 96 h under serum-free conditions in the absence or presence
of increasing concentrations of sodium nitroprusside (0.05-0.5 mM).
Media nitrite (upper panel ) and LDHactivity (lower panel) were deter-
mined as described in Methods. Data reflect the mean±SE of 3-4
experiments; (N = 1 for no cells). Significance by ANOVAanalysis
relative to the control (no nitroprusside) is noted (*).

inhibition of ovarian NOSactivity. Specifically, RA (Fig. 1),
iNOS inhibitors (AG, MLA; Fig. 1) and TGF,61 (Fig. 5) all
inhibited IL-1,6-induced nitrite and nitrate accumulation. As
expected, the IL-1,3 actions on morphology (Fig. 2), cytotoxic-
ity (Fig. 4) and PGE2 accumulation (Fig. 8) were receptor
mediated since they were reversed by the specific receptor an-
tagonist. In marked contrast, none of these IL-1I3 effects could
be overcome by iNOS inhibitors (Figs. 3, 4, and 8) or TGF,81
(Fig. 5). The reverse experiment, i.e., addition of the NO-
generator, nitroprusside, confirmed the lack of role for NO in
the IL-1,6-induced cytotoxic/morphologic changes. That is, ap-
plication of exogenous NO(Fig. 6, upper panel) did not elicit
the typical cytotoxic LDH response (Fig. 6, lower panel) or

the morphogenic changes (Fig. 2 B vs Fig. 7) associated with
IL-1I# application.

Our data are in disagreement with those of Ellman et al.
(16), who conclude that nitric oxide mediates IL-1/3-induced
cellular cytotoxicity in the rat ovary based on their observation
that AG reverses the IL-l,6-induced release of LDH into the
culture medium. In contrast, we show (Fig. 4) that LDHrelease
is not reversed by AG (or by another NOS inhibitor, MLA)
although it is reversed by RAwhich serves as a positive control.
The reason (s) for the apparent discrepancy is not clear although
Ellman et al. (16) made use of a lower cell density (2 X 105
cells) as distinct from the cell density (5 X 105 cells) used
herein for which morphologic changes can be more reproduci-
bly observed ( 13 ). Ellman et al. ( 16) also used a slightly higher
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Figure 7. Sodium nitroprusside does not alter the morphology of cultured whole ovarian dispersates. Whole ovarian dispersates (5 X 105 viable
cells/dish) were cultured for 96 h under serum-free conditions in the absence (A) or presence (B) of nitroprusside (0.5 mM). Data reflect a
representative experiment.

dose (0.5 mM) of aminoguanidine (vs. 0.4 mM, used herein)
to reverse nitrite production. However, that same dose used (0.4
mM)in our hands inhibits nitrite and nitrate production, 97 and
78%, respectively (see Fig. 1). More importantly, our conclu-
sion that NOdoes not mediate IL-lf3-induced cytotoxic/mor-
phologic changes in the rat is based on several lines of evidence
as discussed above, all of which are consistent with the conclu-
sions reached.

It is well established that NOgenerated by iNOS of macro-
phage origin is an immunomodulator (26) with cytostatic, cyto-
toxic and mutagenic properties (1, 3). Furthermore, induction
of NOby macrophage products (e.g., IL-1p, tumor necrosis
factor a) has been demonstrated in a wide variety of tissues
including cardiac myocytes (9), vascular smooth muscle (10),
pancreatic islets ( 11, 12), chondrocytes (27), and hepatocytes
(28). The physiologic roles of iNOS in these non-macrophage
tissues has yet to be elucidated and is not limited to a cytotoxic/
inflammatory response (9, 11, 12). The recent suggestion that
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Figure 8. NOdoes not mediate the ability of IL-1,6 to stimulate prosta-
glandin E2 biosynthesis in cultured whole ovarian dispersates. Whole
ovarian dispersates (5 x 105 viable cells/dish) were cultured for 96 h
under serum-free conditions in the absence or presence of IL-1,6 (50
ng/ml), with or without IL-1if RA (5 ,ug/ml), AG(0.4 mM), or MLA
(0.4 mM). Media PGE2 content was determined by RIA as described
in Methods. Data reflect the mean±SE of 3-7 experiments (N = 2 for
MLAonly) and are normalized as a percent of the value for IL-If)
(100% = 4.7±1.1 ng/ml). Significance by ANOVAanalysis (relative
to the -IL-lP control) is noted (*).

cloned iNOS from human hepatocytes is a gene product distinct
from both macrophage iNOS as well as brain and endothelial
constitutive NOS(29) indicates that the functions of NOare
varied and complex and that the action of cytokine-induced
NOSin other tissues may not mimic those of macrophage iNOS.
Indeed, our observation that IL-11i-stimulated NOproduction
does not mediate IL-1f3-induced morphogenic, cytotoxic, and
inflammatory-like changes in resident ovarian cells suggests a
different role for NOin this tissue. Similarly, Southern and
Matthews (30) have shown that tumor necrosis factor-induced
cytotoxicity and NOproduction in U937A cells are unrelated.

Wehave previously shown that IL-1,i mRNAis specifically
expressed in the rat ovary just prior to ovulation (31). Since
ovulation has been likened to an inflammatory or immune-re-
sponse (32), perhaps it is not surprising that NO, a primary
player in such responses, is evoked by IL-1,i. In this regard,
we can only guess at a role for NOat the time of ovulation.
One may speculate that IL-1f-stimulated NOgeneration may
be involved with periovulatory changes in ovarian vascular dy-
namics (32) based on the established vasodilatory activity of
this free radical.
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