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Summary 

No profound alteration in the resting 0 
4 

consumption of mouse pulmonary 
alveolar macrophages, polymorphonuclear neutrophl s or peritoneal macrophages in- 
cubated in media containing either cadmium chloride or cadmium acetate was ob- 
served. However, when heat-killed P. aeruginosa, opsonized in autologous serum, 
were added to the cell suspension asignificant depression in the respiratory 
burst accompanying the phagocytic event was manifested. The suppression of the 
respiratory burst appeared to be related to the concentration of cadmium. The 
possible alteration in the relationship between macrophage microtubule assembly 
and endocytosis is discussed. 

I. Introduction 

A concomitant of phagocytosis is an increase in oxygen utilization, 

most of which, if carried out under aerobic conditions, is not cytochrome linked; 

there is also an increase in lactate production and a stimulation of the direct 

oxidative pathway for glucose metabolism during phagocytosis (1). The metabolic 

events occurring during phagocytosis have been reported to be similar for the 

various phagocytic cell types (2). However, this similarity may be qualitative 

since distinct differences in the chemiluminescent activity of alveolar and 

peritoneal macrophages and polymorphonuclear leucocytes and the inhibition of 

the responses by superoxide dismutase and Na+ benzoate following exposure of 

the cells to a phagocytizable particle have been shown (3). 
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Macrophage dysfunction has been suggested to be a significant con- 

tributing factor in the heavy metal-induced impairment in host responses to 

endotoxin (4,5,6), bacteria (7) and particulate antigens (8,9). Since phago- 

cytosis is a crucial step in the induction of the primary immune response (10) 

and in protection against bacteria (II), viruses (12) and protozoa (13) and 

since heavy metals alter in vivo host defense mechanisms, the present study was -- 

conducted to ascertain the influence of cadmium salts on phagocytosis vis a vis 

the determination of the respiratory burst accompanying the phagocytic event. 

II. Materials and Methods 

Alveolar and peritoneal macrophages were obtained from male Balb/c 

mice (18-20 g) by pulmonary lavage and by peritoneal lavage (4 days after an 

intraperitoneal (ip) injection of 1 ml of 6% Na+ caseinate), respectively. 

Polymorphonuclear neutrophils were collected from the peritoneal cavity by 

saline lavage 18 hours following an ip injection of 1 ml of 6% Na+ caseinate. 

The cells were collected from their respective lavage fluids by centrifugation 

at 300 g for 10 minutes and then resuspended in Hanks Balanced Salt Solution 

(pH 7.4) (Gibco, 402s) supplemented with 10% fetal calf serum. Total cell counts 

were obtained using hemocytometer technique and differential counts were used as 

an index of purity. 

Oxygen consumption of the isolated cell preparations was measured using 

a Gilson recording oxygraph equipped with a Clarke O2 electrode. All measurements 

were conducted at 37OC. The cadmium salts were prepared in the cell suspension 

medium buffered at pH 7.4. The cell preparations were incubated with the Cd++ 

salts for 15 minutes during which time their resting 02 consumption was deter- 

mined. Phagocytosis was initiated by the addition of heat-killed Pseudomonas 

aeruginosa opsonized in autologous serum using a bacteria: cell ratio of 1OO:l. 

The O2 consumption of the phagocytizing cells, in the presence of the Cd++ salts, 

was measured for 15 minutes. The respiratory burst observed following the 

addition of the bacteria was determined by the difference in slopes of the lines 

representing resting 02 consumption versus the phagocytizing 02 consumption. 
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Table I 

The Effect of Cadmium Salts on Resting 02 Consumption by Isolated 

Murine Phagocytic Cells a,b 

Resting Cells pM02/106 Cells/Hour 

Cadmium Chloride Alveolar 
(mEq Cadmium/L) Macrophages 

Polymorphonuclear 
Leucocytes 

Peritoneal 
Macrophages 

0 7.8 + 0.4 118 + 10.4 47.8 + 5.8 - - 

3.6 x 1O-3 7.4 + 0.4 130 + 7.1 61.4 + 11.1 - - - 

3.6 x 10 -2 8.6 + 1.0 73 + 15.0 52.0 + 9.5 - - - 

3.6 x 10 -1 10.2 + 0.6 107 + 13.4 48.9 + 11.9 - 

3.6 x 10 8.7 + 0.3 55 - + 23.0 43.0 + 2.4 

Cadmium Acetate 
(mEq Cadmium/L) 

0 5.5 + 1.6 184 + 30.7 62.8 + 18.2 - - - 

3.6 x 1O-3 4.2 + 0.8 136 25.4 66.8 + 18.6 - + - 

3.6 x 10 -2 4.6 + 1.2 140 + 16.8 59.5 - - + 18.1 

3.6 x 10-l 5.6 + 0.9 127 + 21.6 46.9 + 13.1 - - - 

3.6 x 10 5.6 + 0.9 91 + 9.5* 38.7 + 10.9 - - - 

aCadmium chloride and cadmium acetate were prepared in 0.9% NaCl. The cells were 
incubated with the cadmium salts for 15 minutes after which O2 consumption was 
determined using a Clarke O2 electrode. 

b 
Data is presented as mean + standard error with * indicating significance at 
p c.05; n = 3 in all groups. 

All chemicals were of reagent grade and sterile plastic and siliconized 

glassware were used in all procedures. Data is presented as the mean + standard - 

error with an asterisk denoting significance at p c.05. 

III. Results 

Neither cadmium chloride nor cadmium acetate significantly altered 

the resting 02 consumption of alveolar or peritoneal macrophages. The resting 

O2 consumption of PMNs was suppressed only at the highest concentration of cadmium 
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acetate (Table I). However, when an opsonized phagocytizable particle, i.e., 

P. aeruginosa was presented to the cells, a profound depression of the respiratory - 

burst was observed which appeared to be related to the concentration of the 

cadmium salts in the medium (Table II). 

The respiratory burst, which is a concomitant of the phagocytic event, 

was significantly suppressed in alveolar macrophages and PMNs incubated with 

cadmium chloride and in alveolar macrophages and peritoneal macrophages in- 

cubated in cadmium acetate, both at concentrations of 3.6 x lo-’ mEq/l. A 

decrease in the respiratory burst of peritoneal macrophages incubated in CdC12 

or PMNs incubated with media containing cadmium acetate was not observed until 

a concentration of 3.6 x 10-l mEq/l of Cd++ was reached. 

Discussion 

Previous investigations have demonstrated that the chemiluminescent 

response of PMNs is approximately 3 orders of magnitude greater than alveolar 

macrophages and 1 order of magnitude greater than peritoneal macrophages. In- 

hibition of chemiluminescence by superoxide dismutase was more profound in the 

PMNs than in either alveolar or peritoneal macrophages. When Na+ benzoate was 

used to inhibit chemiluminescence, the least inhibition was observed in the al- 

veolar macrophages (3). In agreement with the differences observed in chemi- 

luminescent activity between the various phagocytic cell types, a similar differ- 

ence in the resting 02 consumption between PMNs, alveolar macrophages and peritoneal 

macrophages was demonstrated in the present study. The resting 02 consumption of 

PMNs was 2X greater than peritoneal macrophages and 8X greater than alveolar 

macrophages. Cadmium had no influence on the resting O2 consumption of the phago- 

cytic cells (Table I) which is similar to results recently reported in which 

zinc ions were used (14). 

However, when an opsonized phagocytizable particle, i.e. Pseudomonas 

aeruginosa was presented to the phagocytic cells which had either cadmium acetate 

or cadmium chloride in their incubation media, a depression in the respiratory 

burst, which appeared to be related to the Cd++ concentration, was manifested 
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Table II 

The Effect of Cadmium Salts on 02 Consumption During Phagocytosis by Isolated 

Murine Phagocytic Cells a,b 

Cadmium Chloride 
(mEq Cadmium/L) 

% A in 07 Consumption 

Alveolar Polymorphonuclear Peritoneal 
Macrophages Leucocytes Macrophages 

0 29.2 + 2.2 35 + 4.8 27.7 7.9 - - + 

3.6 x 10 -3 16.8 + 4.6 36 + 0.0 14.4 ) 3.6 

3.6 x 10 -2 -10.5 + 6.7* 2 + o.o* 8.0 + 0.9 - - 

3.6 x 10 -1 -29.2 + 3.2* -21 + 7.3* -16.6 + 1.5* - - - 

3.6 x 10 -26.0 + 5.3* -44 + 6.8* -19.0 + 1.2* - 

Cadmium Acetate 
(mEq Cadmium/L) 

0 30.5 + 4.7 53 210.0 17.7 + 0.7 

3.6 x 1O-3 19.3 + 5.8 30 + 2.5 11.1 - - + 2.5 

3.6 x 10 -2 10.8 _f_ 1.6" 33 + 3.5 7.6 + 1.5* - - 

3.6 x 10 -1 -9.7 + 6.9* -2 + 2.3* -2.2 + 6.5* - - 

3.6 x 10 -20.2 + 2.1* -35 + 1.2* -15.8 + 1.6* - - - 

aThe cells were incubated with the cadmium salts for 15 minutes after which 
Pseudomonas aeruginosa (100 bacteria: 1 cell) was added to the cell suspension. 
The difference between the slopes of the lines for resting versus phagocytizing 
02 consumption is presented as the % change in 02 consumption, i.e. the 'Ire- 
spiratory burst". 

b Data is presented as mean + standard error with * indicating signficance at 
p <.05; n = 3-4 in all groups. 

(Table II). Peritoneal macrophages were least sensitive to the CdC12 induced 

depression of the burst than PMNs or alveolar macrophages which is in agreement 

with the demonstration that peritioneal macrophages are also the least sensitive 

phagocytic cell type to the cytotoxic effects of CdC12 (15). Cadmium acetate 

suppressed the respiratory burst less in the PMNs than that which was observed in 
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the alveolar or peritoneal macrophages (Table II). A similar metal-induced im- 

pairment of the respiratory burst has been reported for rat peritoneal macro- 

phages and granulocytes incubated with media containing ZnC12 (14). 

The mechanism whereby Cd++ may impair phagocytosis, as measured in 

this study by the classical respiratory burst accompanying the phagocytic-event, 

may be associated with the known inhibitory action of Cd++ on the ATPases of 

myosin (16) and the ATPases of pulmonary alveolar macrophage cells and cell 

membranes (17). Inhibition, by Cd++, of the myosin ATPases is a particularly 

attractive hypothesis since a microtubule assembly containing actin-myosin like 

proteins, which is regulated partly by ionized Ca++, has been suggested to play 

an integral role in cellular endocytosis (18). Direct measurements of the in- 

fluence of Cd++ on cellular microtubule assembly and function would be desirable. 

The demonstration of an alteration in phagocytic activity by three 

distinct populations of phagocytic cells may, in part, explain the observed synergism 

between Cd++ and bacterial (19) susceptibility and the in vivo impairment in anti- -- 

body formation (8,s). 
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