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ABSTRACT 

OELLERMANN, R. A., HOOGENHOUT, JOAN and CARTER, P. Phagocytic activity of 
peritoneal exudate cells from mice. Onderstepoort]. vet. Res. 39(4), 197-204 (1972). 

. Phago~ytic activity of peritoneal exudate cells in mice was stimulated by injection of 0,1 ml mineral 
01l or varymg concentrations of lysolecithin. Optimal lysolecithin concentration was found to be 2 to 5 
11-g pe~ mous~. The phagocytic activity of peritoneal exudate cells from mice was determined by spectral 
analysis of dioxane extracts of cells after incubation in the presence of polystyrene latex particles. Maxi
mum uptake of latex particles occurred after an incubation period of 1 h. 

. Maximum phagocytic activity was observed in cells harvested 3 days after stimulation with mineral 
01l and ap~rox1mately 4 days after stimulation with lysolecithin. Electron microscopy of these cells 
revealed a similar pattern of phagocytic activity. 

. Latex particles ~re inert and not metabolized by the cells and their uptake was therefore compared 
With the phagocytosis of bluetongue virus particles. Electron microscopic studies of the uptake of blue
tongue vuus s~owed that although adsorption of the virus on the surface membrane occurred practically 
no ~hagocytos1s was observed 1 day after stimulation with lysolecithin. Maximum phagocytosis of virus 
particles occurred 3 to 4 days after stimulation with lysolecithin. 

INTRODUCTION 

~he initiation of the immune response to different 
antigens results from the interaction of different cells 
in ~he body (Wilson & Feldmann, 1972). These inter
actwns appear to be an essential step in the antibody 
response ~o most antigens. The role of non-lymphoid 
cells, particularly macrophages, in the initiation process 
h~s been discussed (Humphrey, 1969; Shortman, 
Diener, Russell & Armstrong, 1970). Macrophages, 
frequently enhanced the immunogenicity of antigens 
but the mechanism of stimulation has not yet been 
resolved. Phagocytic activity of macrophages could 
therefore be of great significance in the immune res
sponse of cells to certain antigens. 

Phagocytosis of latex particles by various cells has 
been _inv~stigated qualitatively employing microscopic 
exammatwn or solvent extraction techniques (Roberts & 
Quastel, 1963; Rodesch, Neve & Dumont 1970· 
W eisman & Korn, 1967). Latex particles are i~ert ancl 
not metabo.lized by the cells. As their uptake could, 
~herefore, ~1ffer from that of biologically active particles 
1t was de~Ided also to study the phagocytosis of blue
tongue -yuus particles. This virus was chosen partly 
?ecause 1t was planned to investigate the nature of the 
Immune response to it later. 

.Although the injection of mineral oil or lysolecithin 
stimulates both the production of peritoneal exudate 
and cellular phagocytic activity, only the latter phenom
en<?n. was studie.d in this investigation. The phagocytic 
activity of peritoneal exudate cells from mice was 
me~sured by means of dioxane extraction after phagocy
tosis of polystyrene latex particles. The results obtained 
with latex were then correlated with the electron micros
copic examination of the uptake of bluetongue virus 
particles by the same type of cells. 

MATERIALS AND METHODS 

Animals 

Six-week old mice of both sexes from a locally inbred 
strain were used throughout. 

Cells 
Peritoneal exudate cells were obtained from mice 

stimulated by intraperitoneal injections with 0,1 ml 
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mineral oil or varying concentrations of lysolecithin* 
in physiological saline. On different days after stimula
tion mice were killed by cervical dislocation and cells 
harvested by sterile flushing of the peritoneal cavity 
with 4 to 5 ml cold Eagle's medium. The cells harvested 
from batches of 10 to 40 mice were pooled and centri
fuged at 500 g for 7 min in an International, model 
PR6, centrifuge. The cell pellet was resuspended in 
fresh Eagle' s medium and diluted to the desired con
centration after counting in a haemocytometer. 

On the average 1,2 X 107 cells were recovered per 
mouse. Of these cells 65% morphologically resembled 
macrophages. 

Determination of phagocytic activiry 
The dioxane extraction technique was similar to that 

described by Rodesch et a!. (1970). A total of 1,5 to 
2 X 108 peritoneal exudate cells in 10 ml Eagle's 
medium was seeded per 100 ml Erlenmeyer flask. 
Incubation was routinely carried out at 37°C for 2 h 
in the presence of 100 fLl of a 2% suspension of polysty
rene** particles with a diameter of 109 nm. After 
incubation the cultures were rapidly cooled to 4°C, 
the cells removed with a syringe and centrifuged in 
conical tubes at 4 °C for 4 min at 80 g. Cells were washed 
three times with cold Eagle's medium to remove excess 
latex particles and the tubes drained well after the 
final centrifugation. The cell sediment was homogenized 
in 1,5 to 2 ml pure dioxane*** and the extraction con
tinued for 1 hat 25°C. The volume of dioxane used was 
always adjusted so that the homogenate contained the 
equivalent of 1 X 108 cells per ml. The extract was 
clarified by centrifugation at 4°C for 10 min at 4200g. 
The ultra violet absorption spectrum of the dioxane 
supernatant was recorded in a Beckman, model DB, 
spectrophotometer. Pure dioxane or dioxane extracts 
of cells incubated without latex particles were used as 
reference. 

For comparison, cells were incubated for 1 h in the 
presence of 100 fLl of a purified bluetongue virus sus
pension (Verwoerd, Louw & Oellermann, 1970) con-

*Koch-Light Laboratories Ltd., Colnbrook, England 
**Dow-latex particles, Serva, Heidelberg, Germany 

***Protea Laboratory Services, Johannesburg, R.S.A. 
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taining 2 X 1011 plaque-forming units per ml. The 
phagocytic activity of these cells was examined electron 
microscopically and compared with the uptake of 
latex particles. 

Electron microscopy 

The procedure for electron microscopic examination 
of cells has been described by Lecatsas & Weiss (1969). 

RESULTS 

Spectral analysis of cellular extracts 
Analysis of the dioxane extracts of peritoneal exudate 

cells incubated with latex particles (Fig. 1 b) showed 
the characteristic ultra violet absorption spectrum of 
polystyrene latex particles in dioxane which is illustrated 
in Fig. 1a. Dioxane extracts of cells incubated without 
latex particles showed a low absorbance which could 
be ascribed to residual cellular material. 

To determine the efficiency of the cell-washing pro
cess before extraction with dioxane, cells were incu
bated in the absence of latex particles. Cultures were 
then rapidly cooled to 4°C and latex particles added. 
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Immediately thereafter cells were removed from the 
flask and the normal washing and extraction p rocedure 
followed. The ultra violet absorption spectrum, also 
shown in Fig. 1 b, is not significantly higher than that of 
the control cell extract. A very efficient removal of un
phagocytosed latex particles from the cell culture is 
thus achieved. 

The elevated ultra violet absorption spectrum of 
dioxane extracts of cells incubated in the presence of 
latex particles, compared to control extracts, indicates 
the feasibility of this method to determine the phagocyt
ic activity of peritoneal exudate cells . Similar results 
were recently also reported by Rodesch et al. (1970) for 
isolated thyroid cells. 

Rate of uptake of latex particles 
Peritoneal exudate cells were incubated with and 

without latex particles for 10, 30, 60 and 120 min and 
dioxane extracts prepared. Absorbance maxima of the 
latex containing cell extracts at 261 m11- employing the 
control cultures as reference are presented in Fig. 2. 

A marked increase in the uptake of latex particles was 
observed for incubation periods up to 30 min and 
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FrG. 1 (a) Ultra violet absorption spectrum of pure latex particles in dioxane, with pure dioxane as reference 
(b) Ultra violet absorption spectrum of control cell extract without latex . 0 0 0 • 0; control cell extract but with latex added after incubaion 
and immediately washed before dioxane extraction - - - ; and dioxane extract of cells incubated in presence of latex ---0 In all cases 
pure dioxane was used as reference 
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Frc. 2 Rate of uptake of latex particles by mouse peritoneal 
exudate cells 

maximum uptake was achieved after 60 min. For 
routine purposes an incubation period of 2 h was 
therefore adopted. 

Stimulation with lysolecithin 
Mineral oil is frequently used to stimulate the pro

duction and phagocytic activity of peritoneal exudate 
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cells (Jacherts, 1966). It is, however, difficult to obtain 
cell suspensions completely free from oil. An alternative 
method of stimulation, using lysolecithin, was therefore 
investigated (0. Westphal, Max Planck Institut fur Im
munbiologie, Freiburg, personal communication). In 
this investigation the phagocytic activity of peritoneal 
exudate cells was considered to be of primary import
ance. The results of the stimulation by different concen
trations of lysolecithin appear in Fig. 3. 

A marked increase in the phagocytic activity of cells 
was observed for concentrations up to 2 f-1-g lysolecithin 
per mouse. Further increases of lysolecithin concentra
tion up to 1 000 f-1-g per mouse did not change the 
phagocytic activity of peritoneal exudate cells. 

~ysolecithin stimulation versus oil stimulation 
From the routine cell counts it was observed that cell 

recovery decreased in the oil-stimulated mice as the 
period of stimulation prior to cell harvest was increased 
from 1 to 4 days. The cell concentrations recovered 
from the lysolecithin-stimulated mice remained fairly 
constant over the four-day period investigated. Prelim
inary experiments also indicated that 7 days after 
stimulation of mice with either lysolecithin or mineral 
oil relatively low concentrations of peritoneal exudate 
cells with a low phagocytic activity were obtained. In 
order to expand on these observations the production of 
peritoneal exudate was stimulated with 0,1 ml mineral 
oil or 2 f-1-g lysolecithin per mouse at 4, 3, 2 and 1 days 
prior to cell harvest. The phagocytic activity of the 
different groups of cells was determined by spectral 
analysis of the dioxane extracts and the results presented 
in Fig. 4. 
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Frc. 3 The effect of lysolecithin concentration injected intra peritoneally on the phagocytic activity of mouse peritoneal exudate cells 
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A marked increase in the phagocytic activity of 
mineral oil-stimulated peritoneal exudate cells was 
fou nd up to 3 days post-stimulation. The lysolecithin
stimulated peritoneal exudate cells showed maximum 
phagocytic activity when harvested 4 days post-stimula
tion. 

Electron microscopy 

(i) Uptake of polystyrene latex particles 

Large numbers of peritoneal exudate cells obtained at 
different times after stimulation with either lysolecithin 
or mineral oil were scanned in the electron microscope. 
The day after stimulation practically no latex particles 
were found within the cells. However, with extended 
periods after stimulation, a dramatic increase in the 
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phagocytosis of latex particles by the cells was observed. 
Maximum activity was reached about 3 days post
stimulation. These results are in agreement with the 
spectral analyses reported in Fig. 4. 

Electron micrographs of the phagocytosis of latex 
particles by peritoneal exudate cells appear in Fig. 5 to 8. 
Different stages of particle engulfment can be seen. 
Latex particles within the cell occurred separately or 
within inclusions which varied considerably in size. 

(ii) Uptake of bl11etongue virus particles 
The pattern of uptake of bluetongue virus particles 

was similar to that observed for latex particles. Maxi
mum phagocytosis was observed 3 to 4 days post
stimulation with either lysolecithin or mineral oil. 
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FrG. 4 Comparison of phagocytic activity of oil-stimulated with lysolecithin-stimulated peritoneal exudate cells. Control cell extracts were 
used as reference 
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FrG. 5 Electron micrograph illustrating the phagocytosis of latex particles by peritoneal exudate cells 2 days after lysolecithin stimulation. 
Only few particles (indicated by arrow) occur within the cytoplasm. Magnification: x 80 000 
FIG. 6 Illustration of latex particle (indicated by arrow) in the process of uptake by peritoneal exudate cells 2 days after lysolecithin stimula
tion. Relatively low phagocytic activity of cells was observed. Magnification: x 80 000 
FrG. 7 Electron micrograph of large intracytoplasmic inclusions of latex particles (indicated by arrows) in peritoneal exudate cells harvested 
3 days after mineral oil stimulation. Magnification: x 40 000 
FrG. 8 Electron micrograph of intracytoplasmic latex particles occurring singly or in large inclusions (indicated by arrows) in 4 days post 
lysolecithin-stimulated peritoneal exudate cells. Magnification: x 40 000 
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FrG. 9 Electron micrograph of bluetongue virus particles (indicated by arrows) adsorbed on to the surface membranes of 3 closely associated 
peritoneal exudate cells harvested 1 day after lysolecithin stimulation. Magnification: X 40 000 
FrG. 10 Electron micrograph of intracytoplasmic inclusions of bluetongue virus particles (indicated by arrows) in 3 days post lysolecithin
stimulated peritoneal exudate cells. Magnification: x 40 000 
FrG. 11 Electron micrograph of 3 days post lysolecithin-stimulated peritoneal exudate cells showing intracytoplasmic bluetongue virus 
particles shortly after uptake. Magnification: x 30 000 
FrG. 12 Electron micrograph of intracytoplasmic inclusions of bluetongue virus particles (indicated by arrows) in 4 days post lysolecithin
stimulated peritoneal exudate cells. Magnification: x 40 000 
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Electron micrographs reproduced in Fig. 9 to 12 
illustrate the phagocytosis of bluetongue virus particles 
by peritoneal exudate cells. It is of interest to note that 
1 day after stimulation with lysolecithin adsorbed blue
tongue virus particles were clearly seen on the surface 
of the cell membrane with only very few intracellular 
particles. With longer periods after stimulation large 
numbers of bluetongue virus particles were found 
within the cytoplasm either singly or within inclusions 
of varying size. 

DISCUSSION 

The phagocytic activity of peritoneal exudate cells 
was investigated by determining the uptake of polysty
rene latex particles. This was achieved by spectral 
analysis of dioxane extracts made from washed cells 
after incubation in the presence of latex. Considerable 
variation in the phagocytic activity of cells obtained 
from different batches of mice was observed. However, 
good reproducibility was achieved in duplicate de
terminations on the same pool of cells. Strict adherence 
to the prescribed experimental conditions was obliga
tory for success. The general pattern of phagocytic 
activity of differently stimulated peritoneal exudate cells 
was supported by the electron microscopic investiga
tion. The dioxane extraction technique could therefore 
be employed as a quantitative measure of phagocytic 
activity of peritoneal exudate cells. The convenience of 
this technique for the direct investigation of phago
cytosis by the thyroid follicular cell was also reported 
recently by Rodesch eta/. (1970). 

Although stimulation of peritoneal exudate cells by 
mineral oil provided similar results to stimulation by 
lysolecithin, the former cell preparations could not 
easily be prepared free from oil. Furthermore, mineral 
oil is not readily metabolized which could influence 
results obtained by this method of stimulation. In 
contrast, lysolecithin is rapidly metabolized and no 
residual lysolecithin remains in the treated cell popula
tion after 24 h (Munder, Ferber, Modolell & Fischer, 
1969). Lysolecithin can therefore be employed to con
siderable advantage in the stimulation of peritoneal 
exudate cells. 

Cells which actively phagocytosed latex particles 
were also active in the uptake of bluetongue virus 
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particles. Of particular interest, however, was the 
observation that peritoneal exudate cells harvested 1 
day after stimulation seemed to adsorb bluetongue 
virus actively on the surface membrane. Very little 
phagocytosis occurred and only isolated particles were 
observed in the cytoplasm. However, extremely active 
phagocytosis of virus particles was observed in peri
toneal exudate 3 to 4 days after lysolecithin stimulation. 

The significance of these observations and the suit
ability of bluetongue virus as antigen are at present 
being investigated in a study of the immune response in 
vitro. 
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