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PERITONEAL MONONUCLEAR PHAGOCYTES FROM SMALL ANIMALS 

Monte S. Meltzer 

INTRODUCTION 

Peritoneal cavities of rodents offer a convenient source 
for collection of mononuclear phagocytes. Mature tissue macro-
phages, the resident peritoneal macrophage, can be easily re-
covered. The untreated peritoneal cavity, in fact, is probably 
the most convenient site for recovery of mature macrophages: 
cells can be obtained without complicated tissue disaggregation 
or enzymatic digestion, and the level of contamination by other 
cells is low. The yield of peritoneal cells from unmanipulated 
mice, rats, or guinea pigs is about 3 - 5 x 106/animal. Cellu-
lar composition is about 40 - 60% macrophages, 40 - 60% lympho-
cytes, 1 - 5 % mast cells, and rare neutrophilic granulocytes. 
Neutrophilic or eosinophilic granulocyte contamination above 
1 - 2 % usually indicate inapparent infection among experimental 
animals. 

Macrophages can also be isolated from inflammatory exudates 
induced in the peritoneal cavity by any of several sterile irri-
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tants. These inflammatory macrophages are not the equivalent 
of mature resident peritoneal cells but rather are mononuclear 
phagocytes recently derived from peripheral blood. It should 
be emphasized that while these inflammatory macrophages may be 
immature, many enzymatic and functional activities of mono-
nuclear phagocytes are found only in these young cells. For a 
detailed comparison of many characteristics of inflammatory and 
resident peritoneal macrophages of mice, see reference (1). 
Macrophages that stain positively for peroxidase activity (a 
cytochemical index of macrophage maturation) can be detected 
among peroxidase-negative resident cells by 4 - 6 hr after ir-
ritant treatment. By 16 - 20 hr, 70 - 90% of peritoneal mac-
rophages are peroxidase positive. These immature cells de-
crease to about 5 - 10% by 3 - 4 days. An influx of neutro-
philic granulocytes is coincident with the immigration of in-
flammatory macrophages, but these cells are usually gone by 
2 - 3 days (1). 

The yield of inflammatory macrophages is dependent upon the 
irritant injected and the time elapsed after treatment. Peri-
toneal cell yield and composition for several treatments in 
mice is shown in Table I. Cell yields can be up to tenfold 
higher in guinea pigs. Two additional points should be empha-
sized: (a) It is necessary to determine the time course of ap-
pearance and yield of peritoneal cell types after irritant in-
jection in one's own laboratory and animal system. There may, 
for example, be great variation among mouse strains in responses 
to peritoneal irritants. (b) In general, cells harvested 4 - 7 
days after injection of poorly digestible substances (e.g., 
mineral oil, starch, and thioglycollate) have the largest macro-
phage yields. However, high yields must be balanced against the 
fact that these substances remain within cells at harvest and 
persist in culture. Moreover, macrophages may release these ir-
ritants into culture fluids through exocytosis, and they may act 
as continuing pinocytic and phagocytic stimuli. 

II. REAGENTS AND EQUIPMENT 

Tissue culture medium: Dulbecco's modified Eagle's minimal 
essential medium with 4.5 gm/liter glucose and 2.0 gm/liter 
NaHCC>3 supplemented with 10% (v/v) heat-inactivated fetal bovine 
serum and 10 U/ml sodium heparin (Panheprin, Abbott Laborato-
ries) . 

1 pair 8-10 inch paper scissors 
2 pairs 6 inch rat-toothed forceps 
Syringe (10 - 35 ml) with 20-gauge needle 
Polypropylene centrifuge tubes (15, 50, or 250 ml) (Corning 

Plastics) 
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TABLE T. Peritoneal Cell Yield and Composition after In-
traperitoneal Injection of Sterile Irritants into C3H/HeN Mice 

Treatment3-

Nothing 
PBS 
Starch 

Thioglycollate 
Mineral oil 
Latex beads 

Days after 
treatment 

-
1 
1 
3 
5 
7 
3 
5 

Cell 
yield 

(xlO'6) 

4.0 
4.0 
8.0 

15.0 
20.0 
30.0 
20.0 
20.0 

Peritoneal 
Macro-
phages 

60 
50 
20 
60 
80 
90 
60 
80 

ob 

80 
90 
40 
10 
10 
50 
10 

eel. 
Lympi 
cyte, 

40 
40 
20 
30 
20 
10 
20 
20 

Granulo-
cytes 

0 
10 
60 
10 

0 
0 

20 
0 

aReagents: (1) 1 ml 0.02 M phosphate-buffered saline (PBS) , 
pH 7.4; (2) 1 ml 2.0% starch (Connaught Medical Research Labora-
tories) in water; (3) 1 ml 3o0% Brewer's thioglycollate broth 
(Difco Laboratories); (4) 3 ml mineral oil (Drakeol 6VR, Pen-
reco, Butler, Pa.) ; (5) 1 ml 1/1000 latex bead (1 \im polystyrene 
beads, Dow Chemical Co.) in water. 

**Percentage of peroxidase-positive macrophages is shown in 
parenthesis. 

I I I . PROCEDURE 

(1) Food should be removed from mice 12 - 16 hr prior to 
peritoneal cell collection. Reduced volumes of stomach and 
intestine reduce chances of accidental puncture of gut. 

(2) Mice are exsanguinated by decapitation with paper 
scissors. Decapitation avoids possible artifacts associated 
with anesthetic agents or the acidosis of CO2 narcosis. Ex-
sanguination reduces chances of intraperitoneal bleeding and 
contamination of peritoneal cells with blood cells. 

(3) Flood skin over abdomen with 70% ethanol. Alcohol is 
used as a wetting agent to dampen fur, not as a disinfectant. 

(4) Grasp skin over abdomen with two pairs of rat-toothed 
forceps. Lift skin up and away from abdominal wall. Pull for-
ceps cranially and caudally to expose abdominal muscles. Re-
tract skin to above shoulder girdles and below knees. Take 
care not to tear abdominal wall. 

(5) Inject 10 ml of medium through needle along midanterior 
line. Medium should be expressed just before entry into peri-
toneal cavity to avoid puncture of gut. Fluid should be rapidly 
and forcefully injected. 
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(6) Position needle tip bevel down just below xyphoid pro-
cess. Elevate mouse with needle and tent peritoneal wall. 
Slowly withdraw peritoneal fluid. About 8 - 9 ml can be re-
covered without moving needle. 

(7) Remove needle from syringe and place peritoneal fluids 
into polypropylene centrifuge tubes on ice. More than 90% of 
recoverable cells can be obtained in the first 10 ml harvest. 
Repeat injections are inefficient and only increase probability 
of puncture of gut. 

(8) Cells from syngeneic mice can be pooled. Remove an ali-
quot of cell suspension for total and differential cell counts. 

(9) Centrifuge tubes at 300 - 500 g for 10 min at 4°C. 
Discard supernatant fluid and resuspend cell pellet in small 
volume ( 1 - 2 ml) of medium (omit heparin). Adjust volume to 
desired cell concentration. 

IV. GENERAL COMMENTS ON THE CULTURE OF MOUSE PERITONEAL MONO-
NUCLEAR PHAGOCYTES 

(1) Mouse peritoneal macrophages are relatively easy to 
maintain in short-term culture (macrophages will not replicate 
in culture except under special circumstances). We have not 
seen obvious differences between several media in ability to 
support these short-term cultures. Dulbecco's modified Eagle's 
minimal essential medium with 4.5 gm/liter glucose, 2.0 gm/liter 
NaHC03 supplemented with 10% (v/v) heat-inactivated fetal bovine 
serum and 50 yg/ml gentamiein has been used in our laboratory 
for a variety of short-term assays (up to 72 hr) of macrophage 
function. 

(2) In contrast to our experience with various tissue cul-
ture media, changes in serum supplements can markedly affect 
macrophage function. (a) Adult sera and fetal sera are not in-
terchangable. These sera differ widely in at least antibody, 
hormone, and lipid content, each of which can profoundly affect 
macrophage function. (b) Batch lots of fetal bovine serum can 
vary with respect to contamination by bacterial endotoxic lipo-
polysaccharide or to content of nonspecific "growth" or "toxic" 
factors. Whenever possible, several lots of serum should be 
screened for the assay in question. (c) Protein hydrolysates, 
often used as a serum substitute, are very stimulatory to mono-
nuclear phagocytes. Protein hydrolysates may contain endotoxin 
or peptides that are chemotactic for macrophages, which increase 
cell spreading on plastic substrates and which increase phago-
cytic responses. 

(3) About 30 - 50% of resident peritoneal macrophages and 
50 - 70% of inflammatory macrophages will adhere to plastic 
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culture substrates in 2 - 4 hr. While adherence can be useful 
for macrophage enrichment in mixed populations by washing away 
nonadherent cells, it can also present problems: detachment of 
macrophages unharmed from plastic or glass surfaces is exceed-
ingly difficult, if not impossible. Yields of viable cells by 
enzymatic or mechanical detachment procedures are often less 
than 50%; detached cells sustain membrane damage or loss. One 
should, therefore, plan to use these cells where they are 
initially cultured. There are, however, two methods that avoid 
cell detachment: (a) Macrophages can be cultured on glass 
coverslips. The entire coverslip with attached cells can be 
transferred for further manipulation. (b) Macrophages can also 
be cultured for days in a mixed cell population as a pellet in 
polypropylene centrifuge tubes. Aliquots of cells can be re-
covered over time by resuspension of the cell pellet in the 
supernatant fluid (2). 

(4) Macrophages, as scavenger cells, are very responsive to 
environmental changes. Cell culture on plastic in medium with 
fetal bovine serum is not their normal environment. Macrophages 
endocytose serum components and attempt to endocytose plastic 
culture surfaces. The longer these cells are in culture, the 
less they resemble their in vivo counterparts. Working with 
these responsive cells in effect is a race, a race against time 
and continuing culture-induced morphologic, functional, and 
biochemical changes. 

REFERENCES 

1. P. S. Morahan. Macrophage nomenclature: Where are we 
going? J. Reticuloendothel. Soc. 27: 223-245, 1980. 

2. L. P. Ruco and M. S. Meltzer. Macrophage activation for 
tumor cytotoxicity: Increased lymphokine responsiveness 
of peritoneal macrophages during acute inflammation. J. 
Immunol. 120: 1054-1059, 1978. 




