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The phenomenon of lipopolysaccharide (LPS)-induced in vitro macrophage
cytotoxicity has been reported by a number of investigators but has often been
difficult to reproduce and to quantitate. In this report, we have examined the
effect of LPS on the ability of macrophages to ingest *'Cr-labeled, opsonized
sheep erythrocytes as a method for examining the direct toxic effects of LPS on
macrophages in vitro. By using this assay, we can clearly discriminate between
LPS responder C3H/HeN macrophages and LPS nonresponder C3H/HedJ mac-
rophages and demonstrate that LPS induces a profound inhibition of Fc-mediated
phagocytosis in LPS responsive macrophages. Furthermore, low concentrations
of LPS stimulate phagocytosis in macrophages derived for C3H/HedJ mice. The
lipid A moiety of the LPS is responsible for the observed enhancement or
inhibition of Fc-mediated phagocytosis. This assay was more sensitive than LPS-
induced cytotoxicity, since inhibition of phagocytosis was detectable in cultures
of LPS-sensitive macrophages even when cytotoxicity, assessed by trypan blue
exclusion, was not. Thus, this assay represents an extremely sensitive method for

analyzing the direct effects of LPS on macrophages.

Endotoxin, the lipopolysaccharide (LPS) de-
rived from gram-negative bacteria, induces a
broad range of biological alterations in vivo (re-
viewed in ref. 2). The mechanisms involved in
endotoxicity are not well understood, but much
evidence is available to support the hypothesis
that lymphoreticular cells are involved as im-
portant targets of the LPS molecule (5, 14, 26).
Macrophages constitute one cell type that is
thought to be important in the mediation of
certain LPS-triggered events in vivo (5, 22), and
they have also been shown to respond to LPS in
vitro as well. In 1965, Heilman (9) and Kessel
and Braun (11) reported that LPS was cytotoxic
for macrophages in vitro. Since these initial re-
ports, this phenomenon has been utilized in a
number of studies as a convenient measure of
macrophage LPS responsiveness (5, 18, 23-25),
and it has been clearly demonstrated that mac-
rophages derived from LPS-responsive mouse
strains are sensitive to the cytotoxic effect of
LPS in vitro, whereas macrophages from LPS-
resistant mouse strains are intrinsically unre-
sponsive to this effect (5, 18). However, the
utility of this effect and the ability to analyze it
further have been hampered by problems of
reproducibility, variation in sensitivity of differ-
ent macrophage populations, and variations in

the potency of different LPS preparations.
Therefore, we sought a new, more sensitive
measure of the direct toxic activity of LPS on
macrophages.

In the present study we compared the cyto-
toxic effect of LPS with its effect on the ability
of macrophages to ingest *'Cr-labeled, opsonized
sheep erythrocytes. We have found inhibition of
phagocytosis to be a quantitative, reliable, and
sensitive assay. Furthermore, our findings dem-
onstrate that macrophages derived from the
LPS “nonresponder” C3H/HeJ mouse strain ex-
hibit altered phagocytic responses when exposed
to LPS. Finally, data presented in this report
indicate that the observed phagocytic altera-
tions are mediated by the lipid A moiety of LPS,
and that prostaglandins do not seem to play a
role.

MATERIALS AND METHODS

Mice. C3H/HeN female mice were obtained from
the Division of Research Resources, National Insti-
tutes of Health, Bethesda, Md. C3H/HeJ female mice
were obtained from Jackson Laboratories (Bar Har-
bor, Maine). All animals used were 8 to 12 weeks old.
Mice were fed standard lab chow and water ad libitum.

Reagents. RPMI 1640 medium (GIBCO, Grand
Island, N.Y.) was supplemented with penicillin (100
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pg/ml) and streptomycin (100 pg/ml) and 2 mM glu-
tamine. Fetal calf serum (FCS; Flow Laboratories,
Rockville, Md.) was heat inactivated at 56°C for 30
min. Phenol-water-extracted LPS [LPS(Ph)] was pre-
pared from Escherichia coli K-235 by the extraction
procedure of McIntire et al. (12). The O-polysaccha-
ride-deficient glycoprotein derived from Salmonella
minnesota R595, extracted by chloroform-methanol
treatment, was kindly donated by David Morrison
(Scripps Clinic and Research Foundation, La Jolla,
Calif.). Purified polysaccharide (FP) derived from S.
typhimurium was prepared by the method Freeman
(3) and was obtained from C. Bona (National Insti-
tutes of Health). Lipid A was prepared by acid hy-
drolysis of phenol-extracted K-235 LPS(Ph) by the
method of Nowotny et al. (17). Polymyxin B, indo-
methacin, and prostaglandin E. (PGE), were obtained
from Sigma Chemical Co. (St. Louis, Mo.).

Macrophage collection and cell culture. Mac-
rophages were induced by injecting 3 ml of 3% sterile
thioglycolate broth intraperitoneally (i.p.). Five or 6
days later, cells were collected by peritoneal lavage
with 5 to 6 ml of pyrogen-free saline (Abbott Labora-
tories, Chicago, Ill.), washed, and suspended in RPMI
+ 20% FCS. Cells were incubated for 2.5 to 3 h at 37°C
in a humidified atmosphere containing 5% CO., and
subsequently the macrophage monolayers were
washed three times with RPMI + 10% FCS to remove
nonadherent cells. The macrophage cultures were
then reincubated for the duration of the assay in
RPMI + 2% FCS with or without LPS.

Assay of in vitro LPS-induced macrophage
cytotoxicity. This technique for measuring macro-
phage cell death has been previously reported (4).
Thioglycolate-induced peritoneal cells were collected,
washed, and suspended to a final concentration of 2
% 10°/ml, and 1-ml portions were cultured as described
above in flat-bottomed glass vials (Bellco Glass Co.,
Vineland, N.J.). Cell death was evaluated by exclusion
of trypan blue dye (GIBCO, Grand Island, N.Y.).
Duplicate vials were cultured for each treatment and,
in general, at least 200 cells per vial were scored for
viability.

LPS-induced inhibition of phagocytosis. LPS
pretreatment of macrophages in vitro inhibits their
phagocytosis of *'Cr-labeled, opsonized sheep eryth-
rocytes. The details of the phagocytosis assay have
been previously described by Snyderman et al. (27)
and modified by Vogel et al. (28). Briefly, 400,000
macrophages were plated per well in TC-24 culture
dishes (Costar, Cambridge, Mass.) in the presence of
20% FCS. After the 2.5-h incubation, nonadherent
cells were washed from the wells. Various doses of
LPS were added to the wells in RPMI containing 2%
FCS. After overnight incubation, the culture super-
natants were removed and replaced with 0.5 ml of a
suspension of hemolysin-coated, *'Cr-labeled sheep
erythrocytes per well. The hemolysin was obtained
from Flow Laboratories, Rockville, Md. Cultures were
reincubated for 1 h to permit phagocytosis, washed
once with Veronal saline containing gelatin (GVB**),
and subsequently washed with an ammonium chloride
erythrocyte-lysing solution (ACK-lyse; National Insti-
tutes of Health Media Unit) to remove noninternalized
erythrocytes. Two additional GVB** washes followed.
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Finally, the monolayers were dissolved in 0.6 ml of
0.5% sodium dodecyl sulfate (Sigma Chemical Co., St.
Louis, Mo.), and 0.5 ml/well was sampled for counting
in a Beckman gamma counter. Triplicate wells were
cultured for each LPS dose tested. The results are
expressed as percentage of phagocytosis of control
cultures, i.e., % phagocytosis = cpm LPS-treated cul-
tures X 100%)/(cpm control cultures). In some studies,
polymyzxin B (5.0 ug/ml), indomethacin (10.0 ug/ml),
or prostaglandin E; (107 to 10® mg/ml) was added to
the cultures at the same time as the LPS(Ph). Indo-
methacin was initially prepared in 0.1 M Na,CO; at a
final concentration of 10 mg/ml and subsequently
diluted in RPMI + 2% FCS. PGE, was dissolved in
absolute ethanol at a concentration of 1.0 mg/ml and
was also subsequently diluted in RPMI + 2% FCS.

Assay of LPS-induced prostaglandin produc-
tion by macrophages. Before opsonized erythro-
cytes were added, 24-h supernatants from the phago-
cytosis cultures were collected and analyzed for their
concentration of LPS-induced PGE;. PGE: levels were
determined by a previously described radioimmunoas-
say technique (1).

RESULTS

LPS-induced macrophage cytotoxicity
versus LPS-induced alterations in macro-
phage phagocytosis. It has been reported pre-
viously that LPS exerts a cytotoxic effect on
C3H/HeN macrophages, whereas C3H/HedJ
macrophages are not killed by LPS in vitro (4).
We first compared the sensitivity of LPS-in-
duced cytotoxicity and phagocytosis inhibition
of these two strains of mice. LPS(Ph) was cyto-
toxic for thioglycolate-induced C3H/HeN mac-
rophages over a concentration range of 1 to 50
18, whereas C3H/HeJ macrophages were not
killed under these conditions (Fig. 1A). The
results with phagocytosis inhibition were some-
what different. This assay was more sensitive
with C3H/HeN macrophages than the cytotoxic
assay, since comparable effects were produced
by approximately one-fifth the concentration of
LPS at each point (Fig. 1B). Macrophages from
C3H/Hed mice exhibited an increase in phago-
cytosis at LPS concentrations of 1 to 5 pg/ml.
Higher concentrations of LPS (10 to 50 pg/ml)
significantly inhibited phagocytosis by C3H/
Hed macrophages; nevertheless, at every con-
centration of LPS there was a highly significant
difference in the sensitivity of C3H/HeN and
C3H/HeJ macrophages. These findings illus-
trate two points. First, phagocytosis inhibition is
a more sensitive measure of the effects of LPS
on macrophages in vitro than is measurement of
cell death. Second, phagocytosis inhibition can

occur in the absence of detectable cell death.

This effect is seen most strikingly in the C3H/
Hed macrophages.
In preliminary studies we had noted that cy-
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totoxicity could be markedly decreased by heat-
ing of the LPS preparation. To better character-
ize this effect, LPS was heated at 100°C for 60
min, and the cytotoxic and inhibitory effects of
the heated LPS were determined. In comparison
to the unheated preparation, heat-treated LPS
was less cytotoxic for C3H/HeN macrophages
at every concentration (Fig. 2A). Thus, at a
concentration of 50 ug/ml, heat-treated LPS
killed only 13% of the macrophages in compari-
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son to 66% for the unheated preparation.

A similar pattern was observed with phago-
cytosis inhibition, although again the enhanced
sensitivity of this assay was observed. Even
though the heat-treated LPS was less inhibitory
than the unheated preparation, significant phag-
ocytosis inhibition was observed at concentra-
tions of boiled LPS as low as 1 ug/ml (Fig. 2B).
Since the boiled LPS preparation was not sig-
nificantly cytotoxic at concentrations up to 10
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F16. 1. Comparison of LPS(Ph)-induced cytotoxicity and inhibition of Fc-mediated phagocytosis in C3H/
HeN and C3H/HeJ macrophage cultures. The results for cytotoxicity represent the mean viabilities of
duplicate cultures, and the results for inhibition of phagocytosis represent the mean values for triplicate wells.
These data were derived from a single representative experiment in which macrophages were pooled from
four mice for each strain. All standard errors were within 10% of the mean.
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Fic. 2. Comparison of LPS(Ph)-induced cytotoxicity and inhibition of Fc-mediated phagocytosis in C3H/
HeN macrophage cultures, using untreated LPS(Ph) (@——®) and LPS(Ph) heated at 100°C for 1 h
(O-----0). The results for cytotoxicity represent the mean viabilities + standard error of the mean for two
separate experiments in which duplicate cultures were scored for viability for each dosage tested. The results
for inhibition of phagocytosis represent the mean values + standard error of the mean for five to eight
separate experiments in which triplicate cultures were assayed for each dosage tested. Macrophages from five
mice were pooled for each experiment.
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pg/ml, these experiments confirm the fact that
phagocytosis inhibition can occur in the absence
of detectable cytotoxicity.

We next tested the effects of boiled LPS on
C3H/Hed macrophages (Fig. 3). As was seen in
Fig. 1, unheated LPS has two effects on C3H/
HedJ macrophages. At low concentrations, LPS
enhanced phagocytosis by C3H/HeJ macro-
phages, whereas at high concentrations it was
inhibitory. Interestingly, heat treatment of LPS
only reduced its inhibitory effects, since the
phagocytosis-enhancing effects of LPS were re-
tained by the boiled preparation.

Identification of the LPS moiety respon-
sible for inhibition of Fc-mediated phago-
cytosis. We next sought to determine which
component of the LPS molecule was responsible
for inhibition of phagocytosis. Various lipid A or
polysaccharide preparations were obtained and
tested for their ability to inhibit phagocytosis by
macrophages (Fig. 4). Two lipid A-containing
preparations, the glycolipid extracted from S.
minnesota R595 (Fig. 4B) and the lipid A pro-
duced by acid hydrolysis of E. coli LPS(Ph)
(Fig. 4C), produced significant inhibition of
phagocytosis. In contrast, the Freeman polysac-
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Fi1G6. 3. Comparison of the effects of unheated ver-
sus heated LPS(Ph) on phagocytosis by C3H/HeJ
macrophages. Unheated LPS(Ph) (@—@®) and
LPS(Ph) heated at 100°C for 1 h (O-----O) are shown.
The results represent the mean values + standard
error of the mean for five to eight separate experi-
ments in which triplicate cultures were assayed for
each dosage tested. Macrophages from five mice were
pooled for each experiment.
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charide preparation was much less inhibitory
(Fig. 4D). The glycolipid preparation also en-
hanced phagocytosis by C3H/Hed macrophages
as well as the intact LPS, whereas the polysac-
charide preparation was less active in this re-
gard. With all preparations tested, the differ-
ences between C3H/HeN and C3H/HeJ mac-
rophages were retained. Thus, these findings
strongly suggest that both types of phagocytic
alterations induced by LPS are mediated by the
lipid A moiety.

The cyclic peptide antibiotic, polymyxin B,
has been previously demonstrated to prevent
the lethal endotoxic activity of LPS in vivo (21),
as well as inhibit the in vitro mitogenic activity
of LPS (15), by forming a stable molecular com-
plex with the lipid A of LPS (16). We therefore
tested the effect of polymyxin B on the ability
of LPS(Ph) to inhibit Fc-mediated phagocytosis
to confirm the role of lipid A in this event.
Polymyxin B completely abolished the inhibi-
tory effect of LPS on C3H/HeN macrophages at
concentrations of LPS up to 10 ug/ml (Fig. 5A).
At 30 pg of LPS per ml, significant inhibition
was observed in the presence of polymyxin B.
Polymyzxin B also blocked the inhibitory effects
of LPS on C3H/HeJ macrophages (Fig. 5B).
Interestingly, polymyxin B also completely
blocked LPS-induced phagocytosis enhance-
ment as well. These data support the conclusion
that LPS-induced alterations of phagocytosis
are mediated by lipid A.

Role of prostaglandins in LPS-induced
phagocytosis inhibition. Prostaglandins are
thought to play an important role in endotoxic-
ity in vivo (reviewed in ref. 4). LPS induces
prostaglandin synthesis by macrophages in vitro,
and prostaglandins have also been shown to act
on macrophages by enhancing their ability to
produce the enzyme collagenase (22, 29). In ad-
dition, exogenously added prostaglandins have
been reported to modulate Fc-mediated phago-
cytosis in vitro (19). We therefore sought to
determine whether or not LPS-induced inhibi-
tion of phagocytosis was prostaglandin me-
diated. The levels of prostaglandin E; produced
by LPS-stimulated macrophages are illustrated
in Fig. 6. C3H/HeN macrophages secrete de-
tectable amounts of PGE; (415 pg/ml) at LPS
concentrations as low as 0.1 ug/ml, and are max-
imal at LPS concentrations of 30 pg/ml (2,339
pg/ml). PGE,; levels in C3H/HeJ macrophage
cultures remained low (<40 pg/ml) even at the
highest LPS concentrations.

We next investigated whether exogenous pros-
taglandin E, added at physiological concentra-
tions would effect LPS-induced phagocytosis in-
hibition. C3H/HeN or C3H/Hed macrophages
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F16. 4. Comparison of the effects on different LPS-derived preparations on Fc-mediated phagocytosis by
C3H/HeN and C3H/HedJ macrophages. The results represent the arithmetic means + standard error of the
mean for four to seven separate experiments in which macrophages from five mice per strain were pooled for
each experiment.
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FiG. 5. Effect of 5 pg of polymyxin B per ml on LPS-induced inhibition of phagocytosis in C3H/HeN (A)
and C3H/Hed (B) macrophages. The results represent the arithmetic means + standard error of the mean for
two experiments in which triplicate cultures were assayed for each concentration tested. Macrophages from
five mice per strain were pooled for each experiment.
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stimulation. These results represent the arithmetic
means + standard error of the mean for triplicate
cultures in which macrophages from five mice per
strain were pooled.

were treated with a concentration of LPS (3 ug/
ml) that inhibited C3H/HeN macrophage phag-
ocytosis by approximately 50%. The effect of
different concentrations of added PGE; was sub-
sequently assessed. The addition of PGE; to
either C3H/HeN or C3H/HeJ macrophages re-
sulted in an increase in their phagocytic activity
(Fig. 7). No concentration of PGE; produced any
more phagocytosis inhibition in comparison to
LPS alone. PGE; had no effect on macrophages
cultured in the absence of LPS (data not shown).
It should be noted that the highest concentra-
tion of PGE, tested (1,000 pg/ml) is similar to
the level produced by C3H/HeN macrophages
stimulated with 3 ug of LPS per ml (see Fig. 6).
These data suggest that phagocytosis inhibition
is not mediated by prostaglandins.

To confirm this finding, the effect of the pros-
taglandin synthetase inhibitor, indomethacin,
was also assessed. Indomethacin at 10 ug/ml will
prevent the production of PGE; by LPS-stimu-
lated macrophages (29). No difference in the
degree of LPS-induced phagocytosis inhibition
was observed in either C3H/HeN or C3H/HedJ
macrophage cultures in the presence of 10 pug of
indomethacin per ml (Fig. 8). Thus, these data
support the conclusion that LPS-induced phag-
ocytosis inhibition is not mediated by prosta-
glandins.

DISCUSSION

In this report we have assessed LPS-induced
inhibition of phagocytosis as an alternative
method to LPS-induced cytotoxicity for quanti-

F1G6. 7. Effect of exogenously added PGE; on LPS-
induced inhibition of phagocytosis. Results represent
the arithmetic means + standard error of the mean
for two separate experiments in which triplicate cul-
tures were tested for each treatment. Macrophages
obtained from five mice per strain were pooled for
each experiment. All cultures were treated with 3.0
u& of LPS(Ph) per ml, a dose at which either stimu-
latory or inhibitory PGE.-mediated effects could be
detected in both the C3H/HeN and C3H/HeJ mac-
rophage cultures simultaneously. The effect of 1,000
pg of PGE, per ml was found to be highly significant
for both C3H/HeN macrophages (P < 0.005) and
C3H/HedJ macrophages (P < 0.025) as determined by
Student’s t test.

tatively analyzing the direct in vitro effects of
LPS on macrophages. By measuring the effects
of LPS on the ingestion of °'Cr-labeled, opson-
ized sheep erythrocytes, we have found that
macrophages derived from LPS-sensitive, C3H/
HeN mice exhibit a significant decrease in their
ability to phagocytize when exposed to as little
as 0.1 ug of LPS per ml in vitro. Thus, this assay
is approximately five times more sensitive than
measuring the cytotoxic effect of LPS on mac-
rophages.

The increased sensitivity of this assay is re-
flected by our data demonstrating that macro-
phages derived from LPS-resistant, C3H/Hed
mice are not totally refractory to the effects of
LPS, a conclusion which might well be drawn
from cytotoxicity data, but rather exhibit a sig-
nificant and reproducible enhancement of phag-
ocytosis at low concentrations of LPS and sig-
nificant inhibition of phagocytosis at higher con-
centrations of LPS. However, although macro-
phages from C3H/HedJ mice have been shown in
this study not to be totally unresponsive to the
effects of LPS, C3H/HeN macrophages are
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F1G. 8. Effect of indomethacin on LPS-induced in-
hibition of phagocytosis on C3H/HeN and C3H/HeJ
macrophage cultures. These results represent the
arithmetic means + standard error of the mean for
two separate experiments in which triplicate cultures
were assayed for each dosage of LPS(Ph) tested.
Macrophages from five mice per strain were pooled
for each experiment.

much more sensitive to LPS-induced inhibition
of Fc-mediated phagocytosis. Other LPS-sensi-
tive and -resistant mouse strains, such as the
C57B1/10Sn versus the C57B1/10ScCr or
C57B1/10ScN strains, exhibit comparable dif-
ferential sensitivity to LPS in this assay (28),
and we have previously reported that resident
peritoneal macrophages derived from LPS-sen-
sitive and -resistant strains exhibit responsive-
ness to LPS(Ph) similar to thioglycolate-induced
cells (23). Thus, we have found LPS-induced
inhibition of phagocytosis to be a highly sensi-
tive, quantitative measure of macrophage LPS
responsiveness, detecting subtle LPS-induced
modifications not detectable by observing cell
death.

The inhibition of phagocytosis by LPS(Ph),
as well as the enhancement of phagocytosis ob-
served in LPS-resistant macrophages, both ap-
pear to be mediated by the lipid A moiety of the
LPS molecule. Two lines of evidence have been
presented to support this statement. First, only
LPS derivatives rich in the lipid A moiety induce
LPS-mediated inhibition of phagocytosis. The
kinetics of inhibition observed with the R595
preparation strongly parallel that observed with
the LPS(Ph), suggesting that it is the lipid A
moiety, and not the associated polysaccharide
moiety, which is responsible for the action of the
intact LPS molecule. The K-235 lipid A prepa-
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ration tested clearly induced inhibition of phag-
ocytosis, although, it was not as potent an agent
as the intact LPS(Ph) preparation. There are
two possible reasons for this diminished activity.
The finding of decreased in vitro biological ac-
tivity in lipid A preparations has also been re-
ported by Nowotny et al. (17) and Wahl et al.
(30) and is most likely due to a general loss of
potency observed in LPS preparations having
undergone acid hydrolysis (8, 20). In addition,
we have found that heat treatment markedly
decreases the cytotoxic properties of LPS, and
since production of lipid A involves boiling for
45 min, this might also explain its loss of potency.
Finally, using a relatively pure polysaccharide
preparation (FP), little or no inhibition of phag-
ocytosis was observed.

Further confirmation for the involvement of
the lipid A moiety in this response resides in the
fact that the incorporation of polymyxin B in
the culture medium during incubation with
LPS(Ph) strongly counteracts the inhibition of
phagocytosis normally observed in C3H/HeN
macrophages as well as the enhancement (at low
concentrations of LPS) and inhibition of phag-
ocytosis (at higher concentrations of LPS) ob-
served in C3H/HeJ macrophage cultures. Since
it has been previously demonstrated that poly-
myxin B inhibits other in vitro activities of LPS
(15) by acting though the lipid A moiety (16),
our results suggest that lipid A must therefore
be the key chemical moiety involved in the LPS-
mediated alterations of phagocytosis presented
in this report.

Although we have established a strong case
for the fact that lipid A is the portion of the LPS
molecule responsible for the effects of intact
LPS(Ph) on Fc-mediated phagocytosis, the pre-
cise mechanism involved remains to be deter-
mined. It is clear from this study, however, that
blocking prostaglandin production by LPS-sen-
sitive macrophages with indomethacin does not
lessen LPS inhibition of phagocytosis, nor does
the addition of PGE; to LPS-resistant cultures
lead to an inhibition of phagocytosis, strongly
suggesting that prostaglandin production is not
an essential element in the inhibition mecha-
nism. Furthermore, we have shown that cell
death is not an essential mechanism underlying
LPS-induced inhibition of phagocytosis. This
statement is supported by the observations that
(i) phagocytosis by C3H/HeJ macrophages is
significantly reduced at 50 ug of LPS per ml in
the absence of cell death, and (ii) heated LPS,
which is diminished in its cytotoxic capacity,
still retains the ability to significantly reduce Fc-
mediated phagocytosis in C3H/HeN macro-
phages. Therefore, it is clear that the LPS prep-
aration need not be cytotoxic to cause an alter-
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ation in Fc-mediated phagocytosis. To verify
this finding another way, we tested a second E.
coli K-235 LPS(Ph) preparation, which was
found to be less than 5% cytotoxic for LPS-
sensitive macrophages but known to be biologi-
cally active in other in vitro assays (D. Morri-
sion, personal communication), and have found
the pattern of inhibition of phagocytosis to be
comparable to that obtained with our heated
LPS(Ph) preparation (data not shown). There-
fore, an extremely useful advantage, coincident
with the increased sensitivity of this assay in
detecting LPS-induced alterations in C3H/Hed
macrophages, is that it can be used as an indi-
cator of LPS sensitivity or resistance under con-
ditions which preclude LPS-induced cell death.

The observations that C3H/HedJ macrophages
exhibit slight enhancement of phagocytosis at
low concentrations of unboiled LPS(Ph) and
that the inhibition of phagocytosis observed at
high concentrations of LPS(Ph) can be elimi-
nated by boiling the LPS(Ph) for 1 h, suggest
the possibility that untreated LPS may be pro-
viding the macrophages with two different sig-
nals, i.e., one stimulating phagocytosis and one
inhibiting phagocytosis. The C3H/HeN macro-
phages may be so much more sensitive to the
inhibitory effects of LPS(Ph) that any enhanc-
ing activity is overridden. Some support for this
hypothesis rests in the observation that, at a low
dose of LPS(Ph) (0.1 ug/ml), C3H/HeN macro-
phages occasionally exhibit a slight enhance-
ment of phagocytosis. Interestingly, LPS stim-
ulates phagocytosis of labeled latex particles in
certain macrophage cell lines (M. Ito and P.
Ralph, Fed. Proc. 36:1277, 1978), suggesting that
these lines may be metabolically similar to C3H/
HeJ macrophages. Although the enhancement
of phagocytosis in C3H/HeJ macrophages was
small, it was highly reproducible. This finding is
also consistent with the observation in vivo that
C3H/HeJ mice respond to an intraperitoneal
injection of LPS with a rapid influx of inflam-
matory cells into the peritoneal cavity, whereas
the response of C3H/HeN mice to LPS occurs
considerably later and is significantly reduced
(13). The response of this “LPS-unresponsive”
strain to lipid A is consistent with previous ob-
servations and with the hypothesis that these
mice are actually not LPS unresponsive, but
instead respond differently to LPS (6, 7).

The measurement of LPS-induced inhibition
of Fc-mediated phagocytosis provides a quanti-
tative and extremely sensitive assay for detect-
ing LPS-induced changes in a major macrophage
function. The mechanisms underlying inhibition
of phagocytosis and the relationship between
the in vitro phenomenon and the effects of LPS
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on Fc-mediated phagocytosis in vivo still remain
to be determined; nevertheless, this assay may
prove to be extremely valuable in analyzing the
metabolic and biochemical alterations induced
by LPS in one of the primary cell types involved
in the host response to endotoxin.
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