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Abstract 

Mononuclear phagocytes are known to play a key role in various 
phlogistic reactions by synthesizing and releasing products that may 
potentiate or inhibit inflammatory processes. The expression of these 
products appears to be dependent on the source of the macrophage population 
as well as the stimulus employed. We have studied superoxide anion (0;) 
production as well as the generation of PGE2, PGF2G, and TXB2 from 
resident, oil-elicited and thioglycollate-induced peritoneal macrophages in 
mice in the presence and absence of chemotactic peptides. Production of 
02, occurred only in elicited macrophages stimulated with high 
concentrations of FMLP or C5a; resident cells stimulated with either of the 
chemotactic peptides were completely unresponsive. Although resident 
peritoneal macrophages incubated with chemotactic peptides did not generate 

OZ' 
these cells did secrete significant levels of PGE , PGF , and TXB in 

response to C5a. FMLP had no stimulatory effect. El$cited*iacrophage? 
generated increased levels of PGE2 and PGF 

*? 
when incubated with C5a. 

However, production of TXB2 was not stimula ed. FMLP was inactive in 
stimulating PGE2, PGF2u, and TXB2 in all types of macrophages studied. 
These studies indicate a heterogeneity in the production of inflammatory 
mediators from various macrophage populations in response to chemotactic 
factors. 

Introduction 

Recent experimental evidence has demonstrated that mononuclear 
phagocytes can synthesize and release a variety of inflammatory mediators 
including lysosomal enzymes (1,2,3), plasminogen activator (4), oxygen 
metabolic products (5,6,7), and arachidonic acid metabolites (8.9.10). The 
expression of any of these phlogistic mediators is not only dependent upon 
the nature of the inflammatory stimulus but also on the source of the 
mononuclear phagocytes (11,12). This is especially true concerning the 
ability of two potent chemotactic stimuli, C5a and N-formylmethionyl leucyl 
phenylalanine (FMLP), to stimulate the synthesis and release from various 
peritoneal macrophage populations, of super-oxide anion (0;) and 
cyclooxygenase products (Prostaglandin E 
and thromboxane B 

%LTXB*)* 
Our studies % 4 

, PGE , Prostaglandin F2a, PGF2,, 
emons rate that the chemotactic 

peptides C5a and P produce only slight increases in 0; levels from 
elicited mouse peritoneal macrophages, while resident peritoneal 
macrophages are totally unresponsive. CSa, but not FMLP, is effective in 
stimulating the release of cyclooxygenase products from the various 
macrophage populations. These data suggest that there are important 
differences between various macrophage cell populations with respect to 
their ability to be stimulated by chemotactic peptides resulting in 
mediator release. 

Methods 

Animals. Female, CBA/J mice (Jackson laboratories, Bar Harbor, ME) 
were used in all experiments. Mice were maintained under standard care and 
given food and water ad libitum. -- 

Macrophage cultivation. Peritoneal macrophages from CBA-J mice were 
elicited by the intraperitoneal injection of 2 ml thioglcollate medium 
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(Becton Dickinson, Cockeysville, MD) or 2 ml of Marco1 light oil (Mobil Oil 
Co.). Four days after injection, peritoneal macrophages were harvested, 
washed in RPMI-1640 medium (Gibco, Grgnd Island Biological Co., Grand 

Island, NY) and resuspended at 5 x 10 /ml in RPMI-10% fetal calf serum 

containing 100 units/ml penicillin and 100 ug/ml of streptomycin. Resident 
macrophages were harvested from the peritoneum, washed and resuspended in 
the medium. Cells (5 x 10') were added to plastic dishes (35mm diameter;o 

Costar, Cambridge, MA). The cells were allowed to adhere for 16 hrs at 37 C 
in 5% C02/95% air prior to the addition of chemotactic peptides. The 
numbers of macrophages adherent to the surface of the culture dishes were 
determined by direct counting of adherent cells, as described elsewhere 

(13). This methodology has bee9 confirmed by the use of biochemical para- 

meters (14). Typically, 3 x 10 macrophages were found to adhere to 
individual plates. 

Assay for superoxide anion. A modification of the procedure of 
Johnston et al. (13) was used to quantitat,e the production of 02. Briefly, 
adherent monolayers of macrophages were washed three times with Hanks 

buffer. One ml of 80 uM ferricytochrome C in Hanks buffer was added alone 

or in the presence of one of the following reagents: CSa, opsonized 

zymosan, N-for-my1 methionyl leucyl phenylalanine, or phorbol myristate 
acetate (PMA). The cell cultures were allowed to incubate for 120 minutes 

at 37C in 5% CO2 95% air. The reaction mixtures were then removed by 

decantation, the fluids cleared of cells by centrifugation, and the optical 

density of the supernatants determined spectrophotometrically at 550 nm. 
Superoxide anion concentration was calculated as the superoxide dismutasg 
inhibitable reduction of ferricytochrome C and expressed as nMoles 02/10 

cells/2 hr. (13). Each sample was examined in triplicate. 

Assay for cyclooxygenase products. Radioimmunoassays (RIA) using 
antibodies and methods developed by Fitzpatrick et al. (15,16,17) were used 
to quantitate prostaglandin E2 (PGE2), prostaglandin F (PGF ) and 
thromboxane B 

were extracte 2 

(TXB2) in macrophage culture fluids. P2,Yor to2&say sample 
to remove protein and free fatty acids. Bound ligani was 

separated from free ligand by the use of dextran-coated charcoal. The 
limits of sensitivity for PGE2, PGF2o. and TXB2 were 8 picograms, 4 

picograms, and 2 picograms, respectively. Levels of the above cyclooxy- 
genase products were expressed as ng/lO cells/2 hr. All samples were 
examined in triplicate. 

Reagents. C5a was isolated and purified according to the procedure of 

Fernandez and Hugli (18). Ferricytochrome C (Horse heart, type II), PMA, 

zymosan, superoxide dismutase (bovine blood, type I), indomethacin and FMLP 

were all obtained from Sigma Chemical Co. (St. Louis, MO). 

Results 

Comparison of C5a and FMLP-induced release of 0, from resident and 

elicited peritoneal macrophages. Superoxide anion ldvels, measured as the 
superoxide dismutase inhibitable reduction of ferricytochrome C, were 
examined in both resident and elicited peritoneal mouse macrophages 
stimulated with either C5a or FMLP. Cultured resident and oil elicited 

macrophages obtained from the peritoneum of normal mice released minimal 
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0; when challenged w,$th eitpgr C5a or FMLP. -Over a 6 log range of FMLP 

concentrations, (10 - 10 M), levels of 02 in resident macrophage 
cultures were not elevated significancantly above the levels found in 

fluids in which cells had been incubated in Hank's buffer (Figure 1). 
Cultured macrophages elicited by thioglycollate exhibited an increase in 02 

producti_oq abox 
FMLP (10 , 10 

control_y 
and 10 

alues only at extrem$y high concentrations of 

M; Figure 1). At 10 M FMLP, an approximate 

2-fold increase ibove control values of 0; production was observed. 

As with FMLP, the chemotactic peptide C5a failed to stimulate 

significant release of O- in cultured resident and oil elicited macrophages 

(Figure 2). Over a conc&tration range from 50 ng/ml to 4 ng/ml, C5a 
failed to stimulate 0; production from these cells (Figure 2). 

Thioglycollate elicitgd macrophages 
02, but only at high concentrations 

concentrations of C5a were shown to 
production above control values. 

did respond to C5a with production of 

(above 1 ng/ml). The higher 
induce a 2-4 fold increase in 0; 

In order to compare superoxide production from resident and elicited 

macrophage in the presence of other stimuli, opsonized zymosan and PMA were 

used as the stimulus. As shown in Figure 3, peritoneal macrophages, 

regardless of source, 
generation. 

respond to opsonized zymosan and PMA with O2 
Both the particulate and soluble stimuli were active over a 

wide range of concentrations. In each case thioglycollate induced 

macrophages were the most responsive. These data are consistent with 

previously reported experiments that demonstrate the ability of 
thioglycollate-elicited macrophages to generate high levels of 0; in 

response to opsonized zymosan and PMA (13). 

Production of prostaglandins by macrophages treated with C5a and FMLP. 

The production of PGE 

resident macrophages 1 
, PGF2o. and TXB2 were examined in elicited and in 

allowing contact with chemotactic peptides. An 
interesting dichotomy between the effect of FMLP and Czt was ob_gerved 

(Figure 4 and 5). Over a wide concentration range (10 to 10 M), FMLP 
did not significantly stimulate the synthesis of PGE2, PGF or TXB above 

control values (cells incubated in the absence of chemotac $u' ic peptidz). 
This observation was independent of the source of macrophage. After 
contact with human C5a, both elicited and resident macrophages demonstrated 

an increase in the synthesis of PGE 
1 

, (Figure 5). When 
compared to their respective contra macrophages had an 
increased capacity for the synthesis and release of PGE2, PGF2u, and TXB2; 

as compared to the elicited (thioglycollate and oil) macrophage 

populations. Production of PGE2 in response to a wide range of 

concentration of C5a is shown in Figure 5a. Although an increase of 
approximately 2-fold in levels of PGE from resident macrophages levels was 

observed when the C5a concentration w$s 100 ng/ml, there was a plateau 
effect in the levels of PGE2 when the dose of C5a was 1 ug/ml, resulting in 

a 6-fold increase in PGE levels above control values. The synthesis of 
PGF and TXB by C5a st?mulated resident macrophages were increased 3 and 
2 fgyd, respegtively (Figure 5b and 5~). When thioglycollate or 
oil-elicited macrophages were similarly studied, C5a induced lower levels 

of PGE PGF and TXB . With these cells, the highest doses of C5a 
produc% a tfg fold inzrease in level of PGE2 and PGF 
little generation of TXB2 occurred. 

2u levels, whereas 
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Fig. 1: Effect of FMLP on superoxide anion generation by elicited 
and resident peritoneal macrophages. 
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Fig. 2: Generation of superoxide anion by elicited and resident 
peritoneal macrophages in response to C5a. 
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Fig. 3: Superoxide anion generation by elicited and resident 
peritoneal macropbages in response to particular (zymosan) 
and soluble @4A) stimulus. 

Pig. 4: Synthesis of prostaglandin Ez, prostaglandin F20 and 
thromboxane Bq by elicited and resident peritoneal 
macrophages in response to various concentrations of FMLP. 
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The production of arachidonate metabolites by either resident or 
elfSited populations could be completely suppressed by the presence of 
10 M indomethacin. As shown in Table 1, resident macrophages in the 
presence of this inhibitor did not respond with production of PGE2, PGF 
and TXB in the presence of chemotactic peptides. Furthermore, residen Z" 
macrophgges treated with this drug also showed markedly reduced amount of 
PGE2, PGF and TXB when the cells were suspended in Hank's medium; as 
compared ta 1 o similar y treated cells in the absence of indomethacin. 

Discussion 

The interaction between cellular and humoral mediator systems 
represents two major components of all phlogistic processes. This is 
exemplified by the interaction between granulocytes and chemoattractants 
during an inflammatory event. Although the response of neutrophils to 
chemotactic factors has been well characterized (19,20,21), specific 
responses of mononuclear phagocytes to chemoattractants remains less well 
defined. This is especially true with regard to C5a-induced macrophage 
stimulation and secretion (3). 

Recent investigations have demonstrated that various N-formyl peptides 
are potent chemotactic agents for many macrophage populations (22,23), but 
these same peptides are both species and population dependent with regard 
to their ability to cause generation of phlogistic products from these 
cells (11,12,24). For example, guinea pig and rabbit peritoneal 
macrophages stimulated with N-formyl peptides respond with a rapid increase 
in 0 consumption and a concommitant rise in the production of superoxide 
anioi and hydrogen peroxide (12). However, guinea pig, but not rabbit 
pulmonary macrophages synthesize and release O- after contact with N-formyl 
peptides (11,12,24,25). Earlier studies have demonstrated that O- 
generation may vary within a population of macrophages depending ipon the 
method used to elicit the cells (13). Thus, thioglycollate or 
lipopolysaccharide-elicited mouse peritoneal macrophages generate 
significant levels of 0; in response to either a soluble, (PMA), or 
particulate, (opsonized zymosan), stimulus, while resident mouse peritoneal 
macrophages are much less responsive (5.13). 

Various macrophage populations have also been examined for the ability 
to synthesize and release arachidonate metabolites in response to specific 
stimuli (8,26,27). These studies have centered around the production of 
PGE2 from elicited and resident mouse peritoneal macrophage in response to 
PMA (28). opsonized zymosan_(27) and, more recently, immune complexes (29). 
As with the production of 0 
products in response to an 1 

, the synthesis and release of arachidonic acid 
nflammatory stimulus appear to be dependent on 

the source of the macrophages. 

Since synthesis and release of inflammatory mediators may be dependent 
upon the stimulus as well as the species and population of macrophages 
under investigation, we were interested in examining the effects of two 
diverse chemotactic factors, FMLP and C5a. on the production of 0; and 
generation of metabolltes of arachidonic acid, specifically PGE2, 
and TXB . Resident and elicited mouse peritoneal macrophages were 

PGF2,, 

quantititively and qualitatively compared. Resident peritoneal macrophages 
stimulated with either C5a or FMLP over a wide concentration range failed 
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C5a CONCENTRATION (up/ml) 

Fig. 5: Synthesis of prostaglandin E2, prostaglandin FzG, 
and thromboxane B2 by elicited and resident peritoneal 
macrophages in response to various concentration of C5a. 
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to induce a significant production of O;, as determined by the 
superoxide-dismutase inhibitable reduction of ferricytochrome C. Only 
thioglycollate recruited peritoneal macrophages, stimulated with high 
concentrations of either FMLP or C5a, dem nstrated 
levels. As shown in Figures 1 and 2, 10 

-8 
an elevation in 0; 

M FMLP or greater than 1 ug/ml 
C5a was needed to observe an increase in O- levels above controls. 
Johnston et al. (13) previously reported a2similar observation with PMA 
stimulated resident and elicited peritoneal macrophages. In the latter 
study, thioglycollate elicited peritoneal macrophages responded to PMA 
challenge (2-4 ug/ml) with a large increase in 0; production, while 
resident macrophages were much less responsive. 

Although C5a and FMLP-induced 0; generation from various populations 
of peritoneal macrophages was similar, the ability of the two chemotactic 
factors to stimulate arachidonic acid metabolism was significantly 
different. There was no significant increase in the synthesis and release 
of PGE 

8' PGF2RS 
or TXB 

1 
from either resident or elicited peritoneal 

macrop ages w en stimu ated over a wide range of FKLP concentrations. On 
the other hand, stimulation with C5a of resident and elicited macrophages 
resulted in an increase in the production of arachidonate metabolites. 
Resident peritoneal macrophages stimulated with C5a were shown to possess 
an increased capacity to generate PGE2, PGF20, and TXB , as compared to 
thioglycollate and oil recruited macrophages. A 6-folz increase in PGE 
levels was observed in C5a stimulated resident macrophages, while a 2-32 
fold increase in PGE2 was observed in the C5a treated elicited macrophage 
populations. In previous studies, Humes et al. (27) demonstrated that 
resident mouse macrophages challenged with opsonized zymosan release 
significantly more PGE2 as compared to elicited macrophage populations. A 
pausible explanation for the decrease in the PGE2 levels from stimulated, 
elicited macrophages may be due to a decrease in their cyclooxygenase 
activity (30) or to a decrease in the rate of arachidonic acid release 
from membrane phospholipids (31). An additional explanation for the 
differences observed in chemotactic factor-induced mediator release from 
the various macrophage population may be associate? with the chemotactic 
receptors found on these cells. Although specific membrane receptors for 
the chemotactic peptides have been identified on macrophage membranes 
(23,32), the density of these receptors on the various macrophage pop- 
ulations may vary dramatically. Thus, dictating the responsiveness of the 
various macrophages to each chemotactic stimulus. 

It had become increasingly clear that macrophages derived from various 
tissues in several species can synthesize and release a number of phlogis- 
tic products in response to various stimuli. We have demonstrated that 
different populations of mouse peritoneal macrophage vary in their ability 
to generate superoxide anion and arachidonic acid metabolites in response 
to two potent chemotactic peptides, C5a and FMLP. While resident perito- 
neal macrophages did secrete significant levels of PGE2, PGF2 , and TXB 
response to C5a. elicited cells are much less responsive. Both residen 3 

in 

and elicited peritoneal macrophages are unresponsive to FMLP-induced 
stimulation of arachidonic acid metabolism. Interestingly, neither C5a nor 
FMLP was an effective stimulator for the synthesis of O2 from either 
resident or elicited peritoneal macrophages. Further knowledge concerning 
the capability of various macrophage populations to synthesize and release 

various mediators will undoubtedly aid in understanding the interaction 
between cellular and humoral systems involved in inflammatory processes. 
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