
Vol. 109, No. 1, 1982 8lOCHEMlCAL AND BIOPHYSICAL RESEARCH COMMUNlCATlONS 
November 16, 1982 Pages 14-20 

PIROXICAM ENHANCES PHAGOCYTOSIS OF ESCHERICHIA 

COLI BY HUMAN POLYMORPHONUCLEAR NEUTROPHILS 

Egil Lingaas and Tore Midtvedt 

Kaptein W. Wilhelmsen og Frues Bakteriologiske Institutt 

University of Oslo, Rikshospitalet, Oslo, Norway. 

Received September 15, 1982 

SUMMARY: Human polymorphonuclear neutrophils were exposed to 
piroxicam, 1.5 uM, 15 uM and 150 uM during phagocytosis of 
radiolabelled Escherichia coli in vitro. Preincubation of the 
cells for 30 minutes before phagocytosis stimulated the uptake 
of E. coli at all concentrations. The elimination of substances 
of bacterial origin from the neutrophils in the postingestion 
phase was, however, not influenced by piroxicam. 

The polymorphonuclear neutrophil (PMN) is a cornerstone of 

the host defence against infection. On the other hand it also 

plays an important role in many forms of immunological tissue 

injury (l-3). Any disease or drug impairing the function of PMN 

may therefore render the host more susceptible to infection or 

modify the tissue damage. Neutrophil functions which can be 

influenced by chemical agents include chemotaxis, adherence, 

ingestion, the metabolic burst following surface stimulation, 

intracellular breakdown and elimination of ingested particles 

as well as external secretion of metabolic products and granule 

components. Antiinflammatory agents are designed to alleviate 

various inflammatory conditions, and many of these drugs have 

been shown to inhibit one or more of these PMN functions (4-6). 

Piroxicam is a new antiinflammatory agent shown to work through 

Abbrevations: PMN, polymorphonuclear leukocytes or neutrophils; 
KRG, Krebs-Ringer phosphate buffer, pH 7.4, enriched with IO mM 
glucose; PMA, phorbol myristate acetate; CTC, chlortetracycline; 
FMLP, N-formyl-methionyl-leucyl-phenylalanine. 
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inhibition of prostaglandin biosynthesis (7), which also takes 

place in PMN (8). This study was undertaken to investigate the 

influence of piroxicam on phagocytosis by human PMN. 

MATERIALS AND METHODS 

Preparation of PMN: Heparinized blood was collected from healthy 
znors and separated according to the technique of Beyum (9). 
The PMN were washed once in Krebs-Ringer phosphate buffer (NaCl 
120 mM, KC1 4.9 mM, CaC12 1.02 mM, MgS04 1.2 mM, KH2P04 2.7 mM, 
NaeHP0413.3 mM) enriched with 10 mM glucose (KRG), pH 7.4, and 
resuspended to a final concentration of 2.5~106 cells per ml in 
KRG. At least 95% of the cells were neutrophils.. 

Preparation of bacteria: Escherichia coli, strain X-7, serogroup 
0:86, B:7, was grown to a density of 10s bacteria per ml in 200 
ml of a medium prepared according to Benacerraf et al (10) with 
1 mC of Ia2PI-labelled orthophosphate (Institutt for Atomenergi, 
Norway). The bacteria were washed two times in ice-cold KRG, and 
a suspension of 1010 bacteria per ml in KRG was prepared. This 
suspension was kept on ice until further use within 30 minutes. 
Immediately preceding the phagocytosis the suspension was diluted 
to 109 bacteria per ml with prewarmed (37oC) KRG. For opsoniza- 
tion, serum from the same donor as the neutophils was added to a 
final concentration of 10%. 

Phagocytosis: -i- Aliquots of 1 ml of the PMN suspension were pre- 
incubated for 60 minutes in Leighton tubes (16x125 mm, Bellco, 
USA). By this time a monolayer had been formed. In the uptake 
experiments piroxicam was added to a final concentration of 1.5 
MM, 15 mM and 150 mM respectively for the last 30 minutes of the 
preincubation period. After washing the cells once with KRG at 
37oC, the uptake was started by adding 1 ml of the suspension 
of non-opsonized or opsonized E. 
as indicated above. 

coli with or without piroxicam 
The uptake was stopped after 15 minutes by 

washing the cells 4 times with ice-cold KRG. For the study of 
elimination, however, the cells were washed with prewarmed KRG 
and further incubated for 60 minutes in KRG with or without pir- 
oxicam and supplied with 10% donor serum. The elimination was 
stopped by washing with ice-cold KRG and the medium covering 
the cells during the elimination period was assayed for radio- 
activity before and after centrifugation at 10,000 x g for 10 
minutes. 

Quantitation of cell protein and radioactivity: After washing, 
Ge tubes were dried, and 1.5 ml of Lowrv's alkaline cooner 
solu 
over 
acco 
et a 
puri 
acti 
liqu 

tion was added to dissolve the cells"at room temperature 
night. Aliquots of 1 ml were taken for protein determination 
rding to the Oyama/Eagle modification of the method of Lowry 
1 (11). The reference was lyophilized human albumin, 96% 
ty (Sigma Chemical Company, 
vity, 

USA). For quantitation of radio- 
aliquots of 0.2 ml were counted in a Hewlett Packard 

id scintillation counter at 4oC. 

Calculations: The uptake of E. coli by the PMN was expressed as 
counts of Ia2Pl radioactivity per mg cell protein and per 
minute. The elimination was expressed in the same way by sub- 
tracting the counts found after the elimination period from 
those found at the end of the uptake period. Each experiment was 
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TABLE 1 

The effect of piroxicam on the uptake of radiolabelled 
non-opsonized and opsonized E. coli by human PMN. All 
data are expressed as % of control 2 S.E.M. 

PIROXICAM 

1.5 uM 

UPTAKE OF E. COLI 

NON-OPSONIZED OPSONIZED 

138.0 i 8.5 118.3 + 4.4 

15 uM 108.0 + 6.2 110.4 + 2.6 

150 uM 172.6 + 20.1 134.9 + 9.2 

performed with 5 replicates: and 4-6 experiments were done with 
each concentration of pirox-rcam. The results were expressed as 
a percentage of control tubes without drug, and the student-t 
test was used for statistical analysis. 

RESULTS 

The uptake of E. coli by the PMN i&shown in table 1. With 

non-opsonized as well as opsonized bacteria piroxicam stimu- 

lated the uptake at all concentrations. However, the effect did 

not increase linearly with increasing concentrations of piroxi- 

cam. Even though the largest uptake was seen with 150 uM, it 

differed only significantly from the uptake with 15 uM (P<O.Ol). 

The uptake with 15 uM appeared smaller than with 1.5 uM, but 

the difference was not statistically significant (P>O.O5). The 

uptake of non-opsonized bacteria was approximately 5% of the 

uptake of opsonized bacteria in all experiments (data not shown). 

The elimination of radioactive substances from the PMN was 

not influenced by piroxicam as shown in table 2. In all experi- 

ments at least 90% of the radioactivity remained in the super- 

natant when the medium from the elimination phase was centri- 

fuged at 10,000 x g for 10 minutes (data not shown). 

DISCUSSION 

Phagocytosis of microorganisms, immune complexes or other 

particles by PMN results in a burst of morphological and bio- 

16 



Vol. 109, No. 1, 1982 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

TABLE 2 

The effect of piroxicam on the elimination of radio- 
labelled substances of bacterial origin from human PMN 
during a 1 hour postingestion period. All data are ex- 
pressed as % of the cell-associated radioactivity at 
the end of the uptake period with untreated PFIN. 

PIROXICAM 

ELIMINATION 

NON-OPSONIZED OPSONIZED 

0 41.2 f 11.9 53.5 + 2.4 

1.5 UM 39.5 + 12.0 50.0 + 3.2 

15 uM 39.9 -+ 9.0 45.6 + 3.2 

150 uM 50.9 + 10.2 50.9 + 3.7 

chemical responses. Similar reactions can be induced by numer- 

ous soluble stimuli such as formylpeptides, phorbol myristate 

acetate (PMA), lectins such as concavalin A, B and C, the cal- 

cium ionophore A 23187, surface active agents as digitonin, and 

several substances having chemoattractant properties such as 

various complement factors, bacterial breakdown products and 

others. 

Recently, Edelson et al (12) found that piroxicam, 50 uM, 

inhibited the aggregation, 02--generation, lysozyme secretion 

and chlortetracycline (CTC) fluorescence shown by PMN stimulated 

by f-met-leu-phe (FMLP). When concavalin A or PMA were used as 

stimuli, however, aggregation and lysozyme secretion was normal 

in the presence of piroxicam, whereas 0 --generation and CTC 
2 

fluorescence decrements were significantly inhibited. The 

binding of ISHI-FMLP to the PMN, but not of [3HI-concavalin A, 

was also inhibited in the presence of piroxicam. 

The results of the present study show that piroxicam 

clearly stimulates the uptake of E. coli by human PMN, whereas 

the elimination of substances of bacterial origin from the cells 

is not affected. The mechanism by which piroxicam exerts this 
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effect, however, remains conjectural. Piroxicam is a selective 

inhibitor of the cyclooxygenase step of arachidonic acid meta- 

bolism, and an inhibitor of cellular prostaglandin synthesis 

(13). Even though the role of prostaglandins in the inflamma- 

tory process is not fully clarified, data from several studies 

indicate an inhibitory effect on phagocytosis (14,15). The 

stimulatory effect of piroxicam on the uptake of E. coli may 

thus be due to the inhibitory effect on prostaglandin synthesis. 

Arachidonic acid, when given to rabbit PMN in the presence 

of cytochalacin B, serves as an excellent secretagogue. The de- 

granulation response is dependent on arachidonic acid metabo- 

lism (16). However, quantitatively, at least rabbit PMN produce 

considerably more lipooxygenase products than cyclooxygenase 

products of arachidonic acid (17). Several of these lipooxy- 

genase products have been shown to induce degranulation in 

human PMN (18). The present study shows that the breakdown of 

E. coli in the PMN proceeds normally in the presence of piroxi- 

cam. The degranulation into the phagocytic vacuole thus seems 

to be unaffected by piroxicam. This is in accordance with the 

fact that piroxicam has little blocking activity at the lipo- 

oxygenase step of arachidonic acid metabolism. 

On the other hand, piroxicam and other anti-inflammatory 

agents have been shown to inhibit the exocytotic release of 

granule associated enzymes from PMN (12,19,20). During phago- 

cytosis, however, degranulation is normally an intracellular 

event. These data, together with the results of the present 

study, might therefore suggest that piroxicam acts selectively 

at exocytotic release as opposed to phagocytotic release of 

granule associated enzymes in PMN. 

It is well known that enzymes released from the lysozomes 

of PMN are important factors in the development of the inflamma- 
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tory process, as in rheumatoid arthritis (21,22,23). Piroxicam, 

increasing the uptake of particles to be ingested as well as 

decreasing the extracellular release of lysozomal enzymes, seems 

to be well suited to serve as an anti-inflammatory agent. 

However, even though a concentration of 15 uM is commonly 

achieved in the serum of persons treated by piroxicam (24), 

these in vitro data do not necessarily imply any in vivo influ- 

ence on PMN function. Studies of PMN from patients treated with 

piroxicam would help to clarify this. So far, no other anti- 

inflammatory agent have been shown to stimulate phagocytosis. 

On the contrary, many have been shown to be inhibitors of phago- 

cytosis (15,25). 
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