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BACKGROUND: Activated neutrophils (PMNs) release cytotoxic agents that can damage surround-
ing tissue. These studies were performed to determine whether activated PMNs from rat could
injure isolated, rat hepatic parenchymal cells (HCs) in vitro.

EXPERIMENTAL DESIGN: HCs were cocultured with unstimulated rat PMNs or with PMNs
activated with either f-met-leu-phe (FMLP) or phorbol myristate acetate (PMA), that stimulate
predominantly degranulation or superoxide production, respectively. Toxicity to HCs was evalu-
ated from release of alanine aminotransferase into the medium.

RESULTS: Alanine aminotransferase release was greater in HCs cocultured with FMLP- or PMA-
stimulated PMNs compared with unstimulated PMNs. Toxicity was observed by 16 hours after
stimulation of PMNs. To test the possible involvement of a soluble mediator released by activated
PMNs, HCs were incubated with conditioned medium from PMNs. Compared with unstimulated
PMNs, toxicity to HCs was greater in the presence of conditioned medium from FMLP-stimulated
PMNs, but not conditioned medium from PMA-activated PMNs. Reactive oxygen species do not
1 appear to be involved in the mechanism by which activated PMNs damage HCs since superoxide
dismutase, catalase, superoxide dismutase + catalase, or desferrioxamine failed to prevent the
S injury. Furthermore, less superoxide anion was detected in PMA-stimulated PMNs when either
HCs or HC-conditioned medium was present. Proteolytic enzymes released by stimulated PMNs
may play a role in HC damage since an inhibitor of proteases diminished injury due to PMNs

1 activated by either FMLP or PMA.
CONCLUSIONS: These results indicate that activated, rat PMNs damage HCs in culture. The data
1 suggest that reactive oxygen species are not involved in the mechanism, but that release of

proteolytic enzymes may play a role in the toxic response.

Additional key words: Injury, Proteases, Superoxide anion.

‘ Activated neutrophils (PMNs) play an important role participate in liver injury in vivo. In addition, human
g in host defense against pathogens in part through gen- PMNs activated with phorbol myristate acetate (PMA)
eration of superoxide anion (Oz7) and release of media- damage isolated, rat hepatocytes grown in culture (9).
tors such as proteolytic enzymes and arachidonic acid The purpose of this study was to determine whether

metabolites. The same functions that impart the ability activated PMNs from the rat injure isolated, rat hepa-
to assist in host defense can also lead to tissue damage tocytes and, if so, to begin to explore the mechanism(s)
> under certain circumstances. PMNs have been impli- involved in the hepatocellular injury.
cated in complement-mediated pulmonary vascular in-
© jury (1), in immune complex-mediated injury to kidney EXPERIMENTAL DESIGN
i (2) or lung (3), in corneal injury in the eye (4), in Rat hepatic parenchymal cells (HCs) were isolated as
& reperfusion injury after ischemia in heart (5), and in described in the “Methods” section, and were plated in
endotoxin-induced lung damage (6). 6-well tissue culture plates at a density of 5 x 10° HCs/

It has been demonstrated more recently that PMNs well. They were allowed to attach for 3 hours, then PMNs
can contribute to injury in the liver. Hepatotoxicity isolated from rat peritoneum as described in the “Meth- B8
induced in rats by administration of a-naphthylisothio- ~ods” section were added at the indicated ratio of PMN/ | !
cyanate (ANIT) (7) or endotoxin (8) is attenuated by HC. After allowing the PMNs to attach for 30 minutes, 1
prior depletion of circulating PMNs. Thus, PMNs can f-met-leu-phe (FMLP) or PMA was added to the cocul-
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tures, and toxicity was assessed (routinely 16 hours later)
from release of alanine aminotransferase (ALT) into the
medium. ALT is a sensitive and specific indicator of
hepatocellular damage in rat (10, 11), and in this model,
release of ALT from HCs correlates (r = 0.998) with cell
death measured by uptake of trypan blue. Viability of
PMNs was determined in separate wells from release of
lactate dehydrogenase (LDH) into the medium. In addi-
tion, cellular damage was examined in fixed, cultured
cells using scanning electron microscopy.

In studies in which the effect of conditioned medium
from PMNs was examined, PMNs were plated (5 x 10%/
well) in tissue culture plates and 30 minutes later were
stimulated with FMLP or PMA. After 30 minutes of
exposure of PMNs to the stimulus, the medium was
removed and spun in a centrifuge, and the cell-free
supernatant fluid was added to HCs that had been plated
3 hours earlier. Toxicity was determined 16 hours after
addition of conditioned medium.

Generation of O,” by PMNss in the absence and pres-
ence of HCs was determined as described in the “Meth-
ods” section. PMNs were plated as described above, and
medium exposed to HCs or containing HCs (5 X 10°) was
added to the PMNs. O, production was determined after
30 minutes.

STATISTICAL ANALYSIS

Results are presented as the mean + SEM. For all
results presented, N represents the number of repetitions
of an experiment, each experiment using cells from dif-
ferent rats. Each value (N) is the average of duplicate
determinations. Data were analyzed by Student’s ¢-test
(HzO0, production) or by analysis of variance. When
analysis of variance was employed, individual means
were compared using either the least significant differ-
ence test (for experiments in which the effect of antipro-
teases was tested and for time-course data) or Tukey’s
omega procedure (for all other comparisons). Data ex-
pressed as the percentage of total enzyme released were
transformed using the arcsin of the percentage before
further statistical manipulation. For all studies, the cri-
terion for significance was p < 0.05.

RESULTS AND DISCUSSION

HC INJURY BY STIMULATED RAT PMNs

In isolated HCs incubated in the absence of PMNs,
about 20% of the total cellular ALT appeared in the
culture medium after 16 hours (Fig. 1). Addition of
unstimulated PMN's in ratios up to 10 PMN /HC did not
significantly affect the basal release of ALT; however, at
a ratio of 20 PMNs/HC ALT activity released by the
HCs was increased slightly to about 30%. In the absence
of PMNs, FMLP did not injure HCs (Fig. 1). Stimulation
of PMNs with FMLP enhanced hepatocellular injury at
all ratios of PMNs/HCs studied.

The surface of HCs cultured with unstimulated PMNs
(Fig. 2A) or with cytochalasin B and FMLP in the
absence of PMNs (not shown) was round and regular in
appearance with numerous microvillous projections.
When cultured at a ratio of 10 PMNs/HC, most HCs
had several PMNs associated with the cell surface (Fig.
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F1G. 1. Release of ALT from HCs in the presence of FMLP-stim-
ulated PMNs. Isolated HCs were plated (5 X 10%/well), and after 3
hours the medium was changed and PMNs were added at the ratios
indicated (0 PMN/HC refers to wells with HCs only). About 30 minutes
later, cytocholasin B (5 ug/ml) was added to each well, followed 3
minutes later by addition of either 100 nM FMLP (W) or its vehicle
(O). The activity of ALT was determined in the cell-free medium and
the cell lysates 16 hours later, and the percentage of total ALT released
was calculated as described in the “Methods” section. N = 6. g,
Significantly different from the respective group without PMNs. b,
Significantly different from the respective group without FMLP.

24). HCs cultured with PMNs stimulated with FMLP
were often irregular in appearance, and outpouches of
the cytoplasmic membrane ( i.e., blebs) were common
(Fig. 2B). In addition, some PMNs were associated with
what appeared to be remnants of cells or cellular debris.

In the absence of PMNs, PMA alone did not increase
release of ALT from HCs (Fig. 3). When PMA was used
as a stimulus for PMN activation, PMNs increased HC
injury significantly at a ratio of 10 PMNs/HC. In control
cells in the absence of PMA, increasing the ratio of
PMNs to HCs caused a modest degree of HC injury.

PMN viability remained relatively constant over 16
hours in culture. In unstimulated PMNs or PMNs acti-
vated with FMLP or PMA, LDH release was about 8%
after 2 hours in culture, and about 15% after 16 hours in
culture. No statistical differences due to stimulation with
PMA or FMLP were observed (data not shown).

Because FMLP-stimulated PMNs damaged HCs in
ratios as low as 5 PMNs/HC, studies were performed to
determine a threshold for this effect. No increase in HC
injury was observed with either FMLP- or PMA-stimu-
lated PMNs when equal numbers of PMNs and HCs
were cocultured (data not shown).

The development of injury in HCs incubated with
unstimulated PMNs or with FMLP- or PMA-activated
PMNs was determined. No significant release of ALT
was observed after 8 hours in culture (Fig. 4). By 16
hours, injury from FMLP-activated PMNs was signifi-
cantly greater than control. HC damage caused by PMA-
stimulated PMNs was significantly greater than control
after 24 hours.
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Fic. 2. Scanning electron micrograph of HCs cultured with PMNs
in the absence (A) and presence (B) of FMLP. HCs and PMNs were
isolated and plated at a ratio of 1 to 10 on fibronectin-coated glass
coverslips. Cells were treated with FMLP (100 nm) or medium as
control, and 16 hours later were fixed and prepared for scanning
electron microscopy as described in the “Methods™ section. A, In the
absence of FMLP, the surface of the HC is regular. Several PMNs
(small arrow) can be seen associated with the HC. B, In the presence
of PMNs (small arrow) stimulated with FMLP, numerous cytoplasmic
blebs (larger arrowhead) are present on the surface of the HC. Figure
24, x4,250; B, x4,000.

ErrecT oF CONDITIONED MEDIUM FROM
STiMUuLATED PMNs onN HCs

To determine whether PMN-dependent HC damage
required direct cell contact, PMNs were stimulated with
FMLP or PMA, then the cell-free conditioned medium
was incubated with HCs for 16 hours. Over this period,
HCs incubated in naive medium released about 25% of
total ALT (Fig. 5). The release of ALT was increased to
about 40% in the presence of conditioned medium from
unstimulated PMNs. Conditioned medium from FMLP-
§timulated PMNs significantly enhanced cell damage,
increasing ALT release to about 55%, whereas injury
seen with conditioned medium from PMA-stimulated
PMNs was the same as that caused by conditioned
medium from unstimulated PMNs.

To determine whether the injurious factor in condi-
tioned medium from FMLP-stimulated PMNs was stable
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FiG. 3. Release of ALT from HCs in the presence of PMA-stimu-
lated PMNs. HCs were isolated and PMNs were plated as described in
the legend to Figure 1 except that no cytochalasin B was present. One
hundred nanograms/ml of PMA (H) or its vehicle (O) was added, and
after 16 hours, release of ALT was determined as described in the
“Methods” section. N = 5. a, Significantly different from respective
group without PMNs. b, Significantly different from respective group
without PMA.
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Fic. 4. Time course of injury in HCs cocultured with PMNs. HCs
and PMNs were isolated and were plated at a ratio of 10 PMNs/HC
as described in the legend to Figure 1. After 2, 4, 8, 16, and 24 hours.
the activity of ALT was determined in the cell-free medium and the
cell lysates as described in the “Methods” section. N =314 a
Significantly different from control at the same time.
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to heat, conditioned medium was boiled for 5 minutes
then allowed to cool before addition to HCs. The in-
creased injury was abolished by boiling; boiled condi-
tioned medium from FMLP-stimulated PMNs caused
ALT release comparable to that seen with conditioned
medium from unstimulated PMNs (data not shown).

SUPEROXIDE ANION PRODUCTION BY PMA-
STIMULATED CELLS

Superoxide generation by PMA-stimulated PMNs was
measured in the absence and presence of HCs. In the
absence of PMA, PMNs did not produce O;~ (Fig. 6).
PMA stimulation of PMNs resulted in production of
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F1G. 5. HC injury due to conditioned medium from stimulated
PMNs. HCs were isolated and plated (5 x 10%/well), and after 3 hours
the medium was removed and replaced with naive medium (O) or with
cell-free conditioned medium from PMNs (5 X 10°/well) plated sepa-
rately from the HCs 60 minutes earlier. The PMNs were either not
stimulated (M) or were stimulated with 100 nM FMLP (M) or 100 ng/
ml PMA (@) for 30 minutes before collection of conditioned medium.
After 16 hours of exposure of HCs to conditioned medium, the release
of ALT was determined as described in the “Methods” section. N = 4.
a, Significantly different from medium alone. b, Significantly different
from no PMN stimulus.
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F1G. 6. Superoxide generation by PMNs in the absence and pres-
ence of HCs. PMNs (5 x 10%/well) were plated, and either naive medium
or medium containing suspended HCs (5 X 10°) was added to the wells.
PMA (100 ng/ml) was added and superoxide (0,) generation over 30
minutes was measured. N = 4. g, Significantly different from respective
value in naive medium.
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substantial O,~. The amount of O,” measured was atten-
uated in the presence of suspended HCs.

To test whether the decrease in O,” measured in the
presence of HCs was due to decreased generation of
reactive oxygen species or was due to interference by the
HCs in the ability to detect reduction of cytochrome C,
experiments were performed using medium conditioned
by exposure to HCs. PMNs suspended in HC conditioned
medium and stimulated with PMA (100 ng/ml) produced
less O,” than control PMNs not exposed to HC condi-
tioned medium (Fig. 7). PMNs activated with a lower
concentration (20 ng/ml) of PMA during exposure to HC
conditioned medium also produced less O,~, but this
difference was not statistically significant.

In a separate experiment, intracellular generation of
H,0, was measured in PMNs using laser cytometry to
detect fluorescence of dichlorofluorescein (DCF). When
PMNs plated alone were stimulated with PMA, DCF
fluorescence (H,;0, production) in PMNs increased to
1.8 + 0.1 times the baseline value. In the presence of
HCs, DCF fluorescence after PMN stimulation remained
relatively constant (1.0 + 0.1 times baseline), indicating
a lack of H,0, production. The difference in H,0, pro-
duction in the absence and presence of HCs was statis-
tically significant (p < 0.05).

EFFECT OF SUPEROXIDE DISMUTASE (SOD), CATALASE
(CAT), or DESFERRIOXAMINE (DFX) oN PMN-
DEPENDENT HC INJURY

To test the possible involvement of reactive oxygen
species in the HC injury caused by activated PMNs, the
effects of SOD, CAT, and DFX were examined. The
concentration of SOD used effectively eliminated all O,~
produced by 5 x 10° PMNs stimulated with 100 ng PMA/
ml. This concentration of SOD did not afford protection
from cytotoxicity induced by FMLP- or PMA- activated
PMNs (Table 1). Similarly, no protection against PMN-
dependent injury was observed by addition of CAT, even
though the concentration of CAT used eliminated a
concentration of H,O, 10 times greater than the amount
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FIG. 7. Generation of superoxide by PMNs in the absence and
presence of conditioned medium from HCs. PMNs (5 X 10° were
suspended in either naive medium or medium previously exposed for
30 minutes to plated HCs. PMA was added at the concentration
indicated, and generation of O,~ over 30 minutes was measured. N =
5. a, Significantly different from control at the same concentration of

MA.
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TaBLE 1. EFFECT OF SOD, CAT, aNnD DFX ON
PMN-DEPENDENT CyTOTOXICITY TO HCS

ALT released (% total)

Addition Stimulus
None FMLP PMA
None 32+3 46+ 17 33+3
SOD 324 48 £ 9 35 +4
CAT 345 50+6 31+2
SOD + CAT 34 +3 505 40x3
DFX 385 517 44 +3

Isolated HCs were plated (5 X 10%/well), and after 3 hours, the
medium was changed and PMNs (10 PMN/HC) were added to the
wells. SOD (300 units/ml), CAT (3,000 units/ml), or DFX (20 mM)
were also added at this time. After 30 minutes, FMLP (100 nM) or
PMA (100 ng/ml) were added. The activity of ALT was determined in
the cell-free medium and in the cell lysates, and the percentage of total
ALT released was calculated as described in the “Methods” section. N
= 3 repetitions, each using cells from different rats. No statistically
significant effects of SOD, CAT, SOD + CAT, or DFX were observed.

expected if all O,~ produced was converted to H,0,. In
addition, the combination of SOD and CAT did not affect
PMN-induced cytotoxicity to the HCs. The concentra-
tion of DFX used was chosen based on reports of effec-
tiveness in preventing cytotoxicity from reactive oxygen
species in another study (12). DFX did not affect HC
injury caused by activated PMNs.

EFFECT OF ANTIPROTEASES ON PMN-DEPENDENT
HC INJURY

The effect of addition of an antiprotease or of fetal
calf serum, that contains antiproteases (13), to the cell-
free conditioned medium from stimulated PMNs was
examined. Protease inhibitor (Sigma P0787), which in-
hibits calcium-activated neutral protease (14) but not
trypsin or a-chymotrypsin (15), diminished injury to
HCs caused by conditioned medium from FMLP- or
PMA- stimulated PMNs (Fig. 8). Protease inhibitor
tended to decrease ALT release in cells incubated with
conditioned medium from unstimulated PMNs, but this
effect was not statistically significant. A nonsignificant
trend toward decreased ALT release was also observed
with fetal calf serum.

DiscussION

A central role has now been established for PMNs in
the hepatotoxicity caused in rats in vivo by the chole-
static agent ANIT (7) and that caused by bacterial endo-
toxin (8). The mechanism by which PMNs contribute to
liver damage in these models is not understood. ANIT
stimulated O,~ production by PMNs in vitro (16); how-
ever, this mechanism may not be involved in ANIT-
induced toxicity in vivo because administration of SOD
and CAT failed to attenuate the hepatotoxic response
(7). With respect to endotoxin, the PMN is likely one
component of a complex network of cellular and soluble
mediators that contribute to injury. For example,
whereas PMNs accumulated in livers of endotoxin-
treated rats and depletion of circulating blood PMNs
diminished hepatotoxicity (8), elimination of tumor ne-
crosis factor-a also attenuated liver injury but did not
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Fic. 8. Effect of antiproteases on PMN-dependent HC damage.
The experiment was performed as described in Figure 5 except that
protease inhibitor (2 ng/ml; H) or FCS (10%; @) were added concurrent
with addition of PMN conditioned medium. N = 4. a, Significantly
different from respective medium control.

decrease accumulation of PMNs in liver (17). Thus.
accumulation of PMNs in livers of endotoxin-treated
rats is necessary but not sufficient for the production of
liver injury. Other factors are clearly critical. Studies
with these two models of liver injury indicate that PMXNs
can contribute to liver injury in vivo by a variety of
mechanisms that are incompletely understood.

In a coculture system in vitro, PMNs stimulated with
either FMLP or PMA injured HCs (Figs. 1 to 3). Blebs
were apparent by scanning electron microscopy on HCs
cocultured with FMLP-activated PMNs (Fig. 2B). Blebs
appear on the surface of HCs in response to a number of
cytotoxic agents (18, 19), and blebbing is considered to
be common during events leading to irreversible cell
injury (18). Freshly isolated HCs were used in these
studies and susceptibility of these cells to injury may be
different from hepatic parenchymal cells in vivo due to
the isolation procedure. Despite this, HCs cultured in
the absence of stimulated PMNs were regular in appear-
ance and blebbing was uncommon.

FMLP is a more effective stimulus for degranulation
of lysosomes than for oxygen radical production. It
causes release of proteolytic enzymes from both specific
and azurophilic granules. Some experimental evidence
suggests that proteolytic enzymes may be involved in the
mechanism by which FMLP-stimulated PMNs damage
HCs in culture. First, toxicity does not require direct cell
contact and the factor responsible for toxicity is rela-
tively stable, since cytotoxicity was observed with con-
ditioned medium from FMLP-stimulated PMNs (Fig. 5).
Second, boiling of the conditioned medium abolished the
toxic effect. Third, a protease inhibitor attenuated the
toxic response (Fig. 8). Although proteolytic enzymes
released by the PMNs may be involved in the toxicity to
HCs, there may be other, as yet unidentified factors that
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contribute to the response. In addition, the mechanism
of hepatotoxicity may be different in coculture and in
experiments using conditioned medium.

If injury is due to proteolytic enzymes, the observation
that 10% serum tended to reduce the cytotoxic effect of
conditioned medium from both FMLP- and PMA-stim-
ulated PMNs (Fig. 8) raises the possibility that serum
may protect hepatic parenchymal cells in vivo from pro-
teolytic damage. However, proteolytic enzymes have been
implicated in hepatic injury caused by Corynebacterium
parvum and endotoxin in rat in vivo (20), suggesting that
antiproteases present in serum may sometimes be insuf-
ficient to afford protection.

PMA is a better stimulus for oxygen radical generation
than for degranulation. The observation that cell-free
conditioned medium from PMA-stimulated PMNs did
not enhance toxicity in HCs (Fig. 5) suggests that direct
cell contact is required for HC injury by PMNs stimu-%’

lated with PMA. Reactive oxygen species may be in:*-

volved in this response, since these species are short-
lived and would likely require cell contact to produce
toxicity. However, less O,~ was measured in PMA-acti-
vated PMNs in the presence of HCs and in PMNs
exposed to HC-conditioned medium (Figs. 6 and 7)
raising doubt as to whether O,~ would be produced i
toxic quantities in cocultures of PMNs and HCs.

In rat PMNs, PMA is a weak stimulus for secretion of
azurophilic granules that contain proteases (21). In a
limited study, PMA-stimulated PMNs released less than
18% as much B-glucuronidase (a marker of secretion of
azurophilic granules) as FMLP-activated PMNss at con-
centrations of stimulators that produced maximal PMN
response. Despite this fact, proteolytic enzymes may be
involved in the mechanism by which PMA-stimulated
rat PMNs damage HCs, since a protease inhibitor re-
duced cytotoxicity due to conditioned medium from
PMA-activated PMNs (Fig. 8). Similar protection
against hepatocellular cytotoxicity was observed with
antiproteases when human PMNs activated with PMA
were cocultured with rat HCs (9). Once again, the pos-
sibility exists that mechanisms of cytotoxicity produced
by conditioned medium and in coculture are different.

The observation that less O,~ was measured in PMNs
in the presence of HCs (Fig.6) raises the possibility that
HCs affect PMN function. This hypothesis is supported
by the observation that less O,~ was generated by PMA-
activated PMNss in the presence of HC-conditioned me-
dium and that inhibition was not overcome by addition
of a higher concentration of PMA (Fig. 7). These latter
observations indicate that direct cell contact between
HCs and PMNs is not required for alterations in 0,
production and rule out the possibilities that HCs either
decrease availability of the stimulant or interfere with
detection of reduction of cytochrome ¢. The results sug-
gest that something released by HCs alters PMN func-
tion. Furthermore, production of intracellular H,0; by
PMA-activated PMNs was depressed in the presence of
HCs, suggesting that HCs did not simply scavenge or
inactivate PMN-derived O, but that generation of re-
active oxygen species was decreased. The possibility that
HCs modulate PMN function is reminiscent of the influ-
ence of HCs on functions of Kupffer cells, the resident
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phagocytic cells of the liver. For example, Kupffer ce
production of prostaglandin E, is modulated by HC
(22), and Kupffer cell-mediated tumor cell cytostasis °
more efficient in the presence than in the absence «
HCs (23). Perhaps a similar regulatory influence exist
between HCs and PMNs.

Maximal@totoxicity in cocultures was observed at
ratio of PMN/HC of 10:1 (Fig. 1). These results ar
consistent with results in a coculture system using hu
man PMNs and rat HCs (9). One possibile explanatio:
for tAis finding is that cytotoxicity in coculture require:
intimate cell contact, and due to the available surface o
HCs, 20 PMNs/HC provides no more cell-cell contac
that 10 PMN/HC.

Both degranulation and generation of O, occur rap-

idly upon stimulation of PMNs with FMLP or PMA, yet
ALT release did not increase until 8 to 16 hours after
“stimulation (Fig. 4). The reason for the delay in expres-
sion of toxicity is not understood. It is possible that
several hours of exposure to toxic factors are required to
cause overt injury to plasma membranes of HCs. Alter-
natively, ipcreases in release of ALT may not occur until
some time after injury occurs. Indeed, when isolated HCs
were exposed to an oxygen radical-generating system,
changes in cellular morphology and inability to exclude
trypan blue preceded increased release of ALT (24).

Coincubation with unstimulated PMNs or with cell-
free conditioned medium from unstimulated PMNs
caused a modest increase in release of ALT (Figs. 1, 3,
and 5). One possibility for this effect is that during
elicitation and isolation, PMNs become somewhat acti-
vated and release small amounts of proteolytic enzymes.
The observation that a protease inhibitor did not dimin-
ish release of ALT in HCs exposed to conditioned me-
dium from unstimulated PMNs (Fig. 8) would argue
against this hypothesis. In addition, one report indicated
that glycogen-elicited PMNs were no more responsive to
stimuli than PMNss isolated from blood, suggesting that
the effects of the elicitation procedure are minimal (25)

Some chemicals, for example lindane (26, 27), dieldrin

(25), and polychlorinated biphenyls (28), stimulate
PMNs in vitro. The data presented here indicate that
stimulated PMNs can damage HCs in culture. PMNs
have also been implicated in hepatotoxicity in vivo in
some models (7, 8). Thus, the observation that activated
PMNs can damage HCs raises the possibility that stim-
ulation of PMNs by chemicals might contribute to hep-
atotoxic injury observed in vivo.

METHODS

IsoLATION OF HCs

HCs were isolated from male, Sprague-Dawley rats (CD-
Crl:CD(SD)BR VAF/Plus; Charles River Laboratories, Por-
tage, Michigan) weighing 200 to 500 gm according to the
method of Seglen (29) as modified by Klaunig (30). Briefly,
rats were anesthetized with sodium pentobarbital (50 mg/kg,
intraperitoneally), and the portal vein was cannulated. The
liver was perfused with approximately 150 ml of Mg**-free,
Ca®*-free Hanks’ balanced salt solution followed by perfusion
with 250 ml of collagenase type A (0.5 mg/ml; Boehringer-
Mannheim Biochemicals, Indianapolis, Indiana). The resulting
liver digest was filtered through gauze and spun in a centrifuge
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at 50 X g for 2 minutes. The HCs were resuspended in Williams
medium E (Gibco, Grand Island, New York) containing 10%
fetal calf serum (Intergen, Purchase, New York) and 1% gen-
tamicin (Gibco), and cells were plated in 6-well plates at a
density of 5 X 10° HCs/well. After an initial 3-hour attachment
period, the medium and unattached cells were removed, and
fresh medium was added. Experiments were initiated at this
time, and the choice of medium was determined by the experi-
mental design (see below). Using this isolation procedure, 98%
of the cells in the final preparation were hepatic parenchymal
cells: the remaining cells were lymphoid, macrophages, or
PMNs. Viability of HCs using this method of isolation was
routinely >90%.

IsoLaTION OF PMNs

Glycogen-elicited PMNs were isolated from the peritoneum
of male, Sprague-Dawley, retired breeder rats (Charles River
Laboratories, Portage, Michigan) as described previously (25).
Briefly, 30 to 40 ml of 1% glycogen in sterile saline were injected
into the peritoneum of rats anesthetized with diethylether. Four
hours later, the rats were anesthetized again with diethylether
and were killed by decapitation. The peritoneum was rinsed
with 30 ml of 0.1 M phosphate-buffered saline containing 1
unit/ml of heparin. The rinse solution was filtered through
gauze and was spun for 7 minutes at 500 X g. Red blood cells
were lysed in 15 ml of 0.15 M NH,CI, and the cells were spun
for 7 minutes at 300 X g. Cells were washed once with phos-
phate-buffered saline, then they were resuspended in Williams’
medium E for coculture studies or in minimum essential me-
dium (Gibco) for studies in which superoxide anion was meas-
ured. All media contained 1% gentamicin. The percentage of
PMNss in the cell preparation is routinely >95%, and viability
is =295%. PMNs were stimulated with either FMLP in the
presence of cytochalasin B (5 ug/ml) or with PMA. Concentra-
tions of FMLP and PMA were chosen based on previous studies
in which these concentrations were shown to stimulate degran-
ulation (25) or O, production (31), respectively.

DETERMINATION OF HC INJURY IN HC/PMN
COCULTURES

PMNs were added to adherent HCs (5 x 10%/well) in Wil-
liams medium E containing no fetal calf serum in ratios of 0.5,
1, 5, 10, or 20 PMNs/HC. Wells contained HCs plus PMNs,
HCs only, or PMNs only. PMNs were allowed to attach for 30
minutes, then PMN stimuli were added. After a 16-hour incu-
bation at 37° C in 92.5% 0,/7.5% CO., the medium was col-
lected. The cells remaining on the plate were lysed with 1%
Triton X-100 and sonication. Both the medium and the cell
lysates from the plates were spun in a centrifuge at 600 X g for
10 minutes. The activity of ALT in the cell-free supernatant
fluid was determined using Sigma kit No. 59-UV. The ALT
activity in the medium was expressed as a percentage of the
total activity (activity in the medium plus activity in cell
lysates). At a PMN/HC ratio of 10:1, the total activity of ALT
in PMNs was less than 10% of total activity in HCs, and ALT
activity in the medium of wells containing only stimulated
PMNs was below the limit of detection. Thus, ALT activity in
PMNs is relatively low, and ALT activity released into the
medium was taken as an index of injury to HCs. Neither PMNs
nor PMN lysates interfered with the ability to measure ALT
activity.

DETERMINATION OF VIABILITY OF PMNSs

Viability of PMNs in culture was determined from release
of LDH into the medium. The activity of LDH in the cell-free
supernatant fluid was measured spectrophotometrically from
the disappearance of NADH using pyruvate as substrate (32).
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Total LDH activity was also determined in PMNs lysed as
described above for HCs, and activity of LDH in the medium
was expressed as a percentage of the total releasable LDH.

EXAMINATION OF CELL CULTURES BY SCANNING
ELECTRON MICROSCOPY

For examination by scanning electron microsocopy, HCs
were plated in the absence or presence of PMNs on glass
coverslips coated with fibronectin (Sigma Chemical Company,
St. Louis, Missouri) and inserted in 12-well plates. The ratio
of PMNs to HCs was 10 to 1. Cocultures were treated with
FMLP, PMA, or medium and 16 hours later, were fixed on ice
in 4% glutaraldehyde in 0.1 M sodium phosphate buffer (pH
7.4). Cells were washed, and then dehydrated using a graded
ethanol series (33). Samples were dried in a Balzers critical
point dryer using liquid carbon dioxide as the transitional fluid
and were coated with gold (20 nm thickness) in an Emscope
Sputter Coater model SC 500 purged with argon gas. Samples
were examined in a JEOL JSM-35CF SEM (Japan Electron
Optics Limited, Tokyo, Japan). Neither fibronectin nor the
presence of glass coverslips altered the cytotoxic effect of PMNs
on HCs as determined by release of ALT into the medium.

MEASUREMENT OF OXYGEN RADICAL PRODUCTION BY
PMNs

0, generation by PMNs in the absence and presence of HCs
or HC-conditioned medium was measured spectrophotometri-
cally as the SOD-sensitive reduction of ferricytochrome C (34).
Experiments were performed using minimum essential me-
dium, and for every sample, two wells were incubated: one to
which SOD (85 units/ml) was added before incubation and one
to which SOD was added after incubation. The difference in
absorbance (550 nm) of the cell-free supernatant from these
two wells was used to estimate the amount of cytochrome ¢
reduced, using an extinction coefficient of 18.5 cm™'mM .

Intracellular hydrogen peroxide (H,0O.) was measured using
the fluorescent indicator DCF (35, 36) in PMNs plated in the
absence and presence of HCs. PMNs and HCs were incubated
separately with DCF-diacetate (100 uM) at 37° C for 15 minutes.
DCF-diacetate accumulates in cells, is deacetylated to a form
that is trapped inside the cell (i.e., DCF) and is oxidized in the
presence of H,0, to a fluorescent moiety. Changes in fluores-
cence in response to addition of PMA were monitored using
the ACAS 570 laser cytometer (Meridian Instruments, Inc.,
Okemos, Michigan) at an excitation wavelength of 488 nm and
emission wavelength of 520 nm.
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