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Abstract-Diclofenac sodium, a non-steroidal anti-inflammatory drug, has been shown to impair the 
stimulation of human polymorphonuclear leukocytes (PMNs) by chemoattractants. To gain insight into 
the mechanism of action of this agent. we investigated the uptake of diclofenac by resting and activated 
PMNs and the effect of the drug on PMN locomotion. During incubation of resting PMNs at 37” in the 
presence of 78 PM (25 pg/mL) diclofenac, drug uptake reached a plateau in less than 2 min. The resulting 
cellular to extracellular diclofenac concentration ratio (C/E) was 1 .Ol 2 0.13 (mean 2 SD). Stimulation 
of PMNs at 37” but not at 4” with the chemoattractant formyl-methionyl-leucyl-phenylalanine ( fMLP) 
or phorbol myristate acetate (PMA), induced a rise in diclofenac uptake, which was dependent on 
incubation time and diclofenac and stimulus concentrations. Maximal C/E was 1.83 ? 0.18 and 
4.40 t 0.60 (mean rt SD) for PMNs stimulated with 10 PM fMLP and 0.16 PM PMA, respectively. The 
diclofenac associated with PMNs was predominantly present in the soluble fraction of disrupted cells. 
Interestingly, PMNs which were pretreated with diclofenac and stimulated with fMLP, exhibited 
impaired random and directional locomotion induced by activated serum, as compared to controls, i.e. 
PMNs treated with diclofenac alone or fMLP alone. Thus, stimulation of PMNs enhances diclofenac 
uptake and potentiates the drug impairment of chemotactic activity. These findings could explain, in 
part, the observed anti-inflammatory properties of this compound. 

Stimulation of polymorphonuclear leukocytes 
(PMNs$) by chemoattractants such as N-formylated 
peptide formyl-methionyl-leucyl-phenylalanine 
(fMLP), complement-derived C5a or leukotriene B4, 
leads to the activation of various cellular responses 
including directed migration (chemotaxis), produc- 
tion of reactive oxygen species (respiratory burst) and 
release of lysosomal enzymes (exocytosis). These bio- 
logical cellular functions account for important 
microbicidal, tumoricidal and inflammatory proper- 
ties of phagocytes [ 1,2]. Non-steroidal anti-inflam- 
matory drugs (NSAID) have been shown to induce in 
vivo and in vitro alterations in PMN functions [3-121. 
Certain agents such as diclofenac sodium have been 
found to inhibit the PMN stimulation induced by 
fMLP and C5a [6,7], whereas other drugs such as 
indomethacin or phenylbutazone [&lo] affected 
PMN responses induced by fMLP more selectively, 
through a mechanism resembling a competitive inhi- 
bition of fMLP binding to its specific receptors on 
PMNs [8,9,11]. Diclofenac binds to PMNs non- 
specifically [12], suggesting that this drug may alter 
PMN functions through various mechanisms. This 
study was undertaken to determine the influence of 
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$ Abbreviations used: PMN, polymorphonuclear leu- 
kocyte; fMLP, N-formyl-methionyl-leucyl-phenylalanine; 
PMA, phorbol myristate acetate; NSAID, nonsteroidal 
antiinflammatory drugs; KRPB, Krebs-Ringer phosphate 
buffer; C/E, cell-to-medium ratio. 

PMN stimulation on diclofenac uptake and the poten- 
tial effect of cellular diclofenac on subsequent chemo- 
tactic stimulation of PMNs. 

MATERIALS AND METHODS 

Reagents. Cold and [‘4C]diclofenac sodium (sp. 
act. 3.44mCi/mmol) were gifts from Ciba-Geigy 
(Basel, Switzerland). Stock solutions of labeled 
diclofenac at 50 mg/mL in dimethylsulfoxide 
(DMSO) were stored at a temperature of -80” until 
use. Cold diclofenac was diluted immediately prior 
to use in DMSO and then in 0.15 M Krebs-Ringer 
phosphate buffer (KRPB) pH 7.4 to the final desired 
concentration. fMLP and phorbol myristate acetate 
(PMA) from Sigma Chemical Co. (St Louis, MO, 
U.S.A.) were dissolved in DMSO and stored at 
-80”. Appropriate dilutions were made in KRPB. 
Dimilume R30 was from Packard Becker B.V. 
(Breda, The Netherlands). 

PMN preparation. Venous blood was obtained 
from healthy adults, in preservative-free lithium hep 
arin (10 units/ml of blood). Leukocytes were iso- 
lated by one step centrifugation of blood on a mixture 
of Ficoll-Hypaque (Monopoly resolving medium 
from Flow Laboratories, France) as previously 
described [13]. The remaining erythrocytes were 
removed by one hypotonic lysis (30 set). Leukocyte 
suspension was finally suspended in KRPB and con- 
tained approximately 98% PMNs. 

Assay of diclofenac association with PMNs. Assays 
were performed in duplicate in 1.5 mL propylene 
Eppendorf tubes in a final volume of 200 PL of KRPB 
containing 10’ PMNs/mL. PMNs were preincubated 
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with labeled diclofenac either at 37“ or 4” and then 
treated with fMLP, PMA or the drug solvent 
(control). After incubation at 37”, tubes were placed 
in an ice bath for 5 min and spun down at 11,000 g for 
5 sec. Supernatants were removed and the cell pellets 
were washed twice with cold saline. To remove free 
labeled diclofenac from cell pellets, PMNs were finally 
harvested on glass fiber filters with a multiple cell cul- 
ture processor (Skatron, AS. Norway) as previously 
described [12]. Radioactivity measurements were 
performed in 4 mL of dimilume R30 using a p-counter 
SL3050 (Kontron, Plaisir, France). Blank values, i.e. 
the amount of radioactivity retained by filters in the 
absence of PMNs in the medium did not exceed 
50 cpm. Results are expressed as percentages of the 
total measured binding. 

Assessment of diclofenac in the PMN soluble and 
particulate fractions of PMNs. Cells were incubated 
with labeled diclofenac in the absence or presence 
of fMLP or PMA under conditions leading to an 
optimal drug uptake at 37”. PMNs were then washed 
twice, resuspended in 2OOyL of cold KRPB and 
disrupted in an ice bath for 20 set using a 201200 S.V. 
Sonicator (C.I.T. Alcatel-Pons, France) at a setting 
of 1.5 (approx. 20 W). Examination of PMN son- 
icates at the microscope showed that approximately 
97% of PMNs were disrupted. Aliquots of 100 PL of 
PMN homogenates were spun down for 30min at 
160,OOOg (Beckman Airfuge, Palo Alto, CA, 
U.S.A.). Supernatants and pellets were carefully 
separated and their amount of radioactivity evalu- 
ated. Results are expressed as the total amount of 
radioactivity per 2 x lo6 cells. 

Determination of cellular concentration of diclo- 
fenac. The mean volume of PMN was electronically 
determined by the use of a ZB-ZBI Coulter counter 
(Coultronics, Margency, France) as described [14]. 
Calibration was performed with Coulter latex 
particles. PMNs were preincubated with 78 ,uM diclo- 
fenac at 37” then pretreated in the absence or pres- 
ence of 10 PM fMLP or 0.16 PM PMA. Aliquots of 
the PMN suspension incubated at 37” were collected 
and used directly for evaluating PMN volume. Cellu- 
lar diclofenac concentrations were determined in 
resting and stimulated PMNs and the cellular to 
extracellular concentration ratio was calculated on 
the basis of 2 x lo6 PMNs in 200 ,uL KRP. 

PMN migration assay. Random and directional 
migration of PMN under agarose were measured 
by the leading front method using the technique 
previously described [lo], except that PMNs were 
pretreated with 0, 78 and 156 ,uM cold diclofenac in 
the absence (resting) or presence of 10 PM fMLP or 
0.16,uM PMA. Cells were then washed twice with 
cold KRPB and adjusted at the concentration of 
lo5 PMN/,IJL. Directional migration of PMN was 
induced by fMLP and activated serum [lo]. In some 
experiments, labeled and unlabeled diclofenac were 
compared and were found to induce similar inhi- 
bition of PMN migration, as described [5]. Results 
are expressed in arbitrary units. 

Statistics. Means, standard deviations (SD) and 
standard errors of the means (SE) were calculated 
for each series of experiments. Student’s t-test was 
used to assess differences between control and assay 
experiments. 

RESULTS 

Characterization of diclofenac association with resting 
and stimulated PMNs 

The time course of diclofenac association with rest- 
ing and stimulated PMNs was first measured in the 
presence of 78 ,uM (25 pg/mL) labeled diclofenac 
(Fig. l), a drug concentration that was previously 
found not to alter the PMN locomotion and res- 
piratoryburstinducedbylo pMfMLP[5,12]. Resting 
PMNs incubated at 37” for 40 min with diclofenac, 
incorporated 
2 x lo6 PMNs, 

approximately 14 ng of drug per 
which represents approximately 

0.25% of the total drug amount in the medium. This 
diclofenac amount was reached within 2 min and did 
not change significantly during the next 40 min of incu- 
bation. When PMNs were stimulated with 10pM 
fMLP, the amount of diclofenac associated with 
PMNs rose during 15 min and declined weakly there- 
after suggesting a drug release from PMNs. PMA also 
enhanced diclofenac uptake, which was greater and 
more rapid than that observed with fMLP. The maxi- 
mal PMA effect peaked after 30 min of PMN stimu- 
lation and was also followed by a weak decline. 
Approximately 95% of the PMNs treated with diclo- 
fenac in the presence of fMLP or PMA were viable, 
as assessed by the Trypan blue exclusion test (results 
not shown), indicating that the diclofenac association 
with activated PMNs was not due to any drug cytotoxic 
effects. 

Diclofenac uptake by resting, fMLP and PMA- 
stimulated PMNs was proportional to the labeled 
drug concentration from 3 to 304 PM (Fig. 2), reach- 
ing a maximal cellular amount of 23.1, 52.4 and 
180.4 ng of drug/2 X lo6 PMNs, respectively, for 
30 min incubation. fMLP induced a diclofenac 
uptake which was proportional to the peptide con- 
centration from 0.1 to 10 PM (Fig. 3). The diclofenac 
uptake induced by PMA was proportional to the 
stimulant concentration up to 0.16 PM and plateaued 
with higher concentrations (Fig. 4). The maximal 
measured incorporation induced by 10 ,uM fMLP or 
0.16 ,uM PMA was approximately 36.7 and 84.6 ng 
diclofenac per 2 X lo6 cells, respectively, after 
30 min of incubation of cells at 37” with 78 PM diclo- 
fenac. At 4’, neither PMA nor fMLP enhanced diclo- 
fenac uptake (Figs 3 and 4). 

To determine whether stimulation of PMNs 
induced diclofenac accumulation, we measured the 
drug concentration in cells which were treated with 
78 PM diclofenac at 37” in the presence or absence 
of 10 PM fMLP or 0.16 ,uM PMA. The average vol- 
ume of resting PMNs was approximately 260pm3, 
which represents a volume of 1.2 PL for 5 X lo6 
PMNs. This value is close to that found by others 
using the same technique or isotopic markers to 
assess intra- and extracellular spaces [15-181. The 
volume of fMLP-stimulated PMNs was not different 
from that of resting cells, whereas that of PMA- 
stimulated PMNs was approximately 30% larger, as 
reported [18,19]. The calculated maximal cellular to 
extracellular diclofenac concentration ratio 
(mean -C SD) for PMNs treated with 78 PM diclo- 
fenac in the absence or presence of 10pM fTvfLP 
or 0.16yM PMA was 1.01 2 0.13, 1.83 * 0.18 and 
4.40 f 0.60, respectively. 
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Fig. 1. Time course of diclofenac association with resting and stimulated PMNs. Cells were treated at 
37” in the presence of 25 pg/mL (78 PM) labeled diclofenac for 2 min and then incubated in the absence 
(resting) or presence of 0.16 yM PMA or 10 PM fMLP. Data represent the total amount of diclofenac 
associated with 2 x lo6 PMNs after cells were washed twice (means of four experiments). Results are 
expressed as percentages of the maximal binding obtained in the presence of PMA (i.e. 1309 + 157 cpm). 
Total counts were approximately 83,000 cpm, representing 5 pg of diclofenac. Statistically significant 
differences between results of experiments performed with and without stimulant are designated by 

* (P < 0.05). 
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Fig. 2. Effect of drug concentration on diclofenac uptake by resting and stimulated PMNs. Cells were 
pretreated at 37” for 2 min with various concentrations of labeled diciofenac ranging from 3.1 to 310 PM 
and then incubated for 30 min at the same temperature without (resting) or with 10 PM tMLP or 0.16 PM 
PMA. Data represent the total amount of diclofenac per 2 x 106PMNs (means of four experiments) 
and are expressed as per cent of the maximal measured binding obtained with PMA (i.e. 2996 + 240 cpm). 
Statistically significant differences between results of experiments performed in the absence and presence 

of stimulant are designated by * (P < 0.05). 

Distribution of diclofenac in resting and stimulated 
PMNs 

The above results indicate that fMLP and PMA 
enhanced diclofenac uptake by PMNs at 37”. We 
determined the distribution of the incorporated drug 
in the soluble and particulate fractions of sonicated 

cells (Fig. 5). The soluble fraction of PMNs treated 
with 78 PM labeled diclofenac in the absence and 
presence of 10 PM fMLP or 0.16 pM PMA contained, 
respectively, 732 10, 78+ 10 and 76&7% 
(means 2 SD) of the total cellular diclofenac. How- 
ever, the amount of diclofenac in the soluble fraction 
of fMLP or PMA-treated cells was significantly 
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Fig. 3. Effect of temperature on fMLP-induced diclofenac uptake. PMNs were incubated with 25 ,ug/ 
mL labeled diclofenac for 2 min at 37” or 4” and then treated for 30 min with various doses of fMLP. 
Data represent the total amount of diclofenac per 2 x lo6 PMNs and are expressed as per cent of the 
maximal measured binding i.e. 424 * 28 cpm (means of four experiments). Statistically signifi~nt 

differences between results of experiments performed at 4” and 37’ are designated by * (P < 0.05). 
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Fig. 4. Effect of temperature on PMA-induced diclofenac uptake. PMNs were pretreated with 25 pg/ 
mL labeled diclofenac for 2 min at 37” or 4” and then with various doses of PMA for 30 min at the same 
temperature. Results represent the total amount of diclofenac per 2 x lo6 PMNs, expressed as per cent 
of maximal measured binding i.e. 1409 + 45 cpm (means of four experiments). Statistically si~ifi~nt 

differences between result of experiments performed at 4” and 37” are designated by * (P < 0.05). 

enhanced (i.e. 19.5 zk 2.1 and 50.4 + 4.5 ng, respect- 
ively), as compared to that of resting cells 
(10.8 k 1.6ng). The amount of diclofenac in the 
particulate fraction of resting and fMLP-treated cells 
was similar (4.0 k 0.8 and 5.42 +- 0.8 ng, respect- 
ively) whereas in PMA-treated cells, the amount of 
diclofenac associated with particulate fractions was 
significantly greater (17.3 +- 2.77ng). These data 
support the possibility that activatable membrane 

processes induced by fMLP and PMA mediate diclo- 
fenac accumulation into the cytosol of PMNs. 

Infruence of cellular ~i~l~fe~a~ on PMN migration 

To determine whether the incorporated diclofenac 
affected PMN functions, cells were treated at 37” for 
30 min without (control) and with 78 and 156pM 
diclofenac either in the absence (resting) or presence 
of 10 PM fMLP. PMNs were then washed and their 
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Fig. 5. Distribution of diclofenac in the particulate and soluble fractions of resting and stimulated PMNs. 
PMNs were treated with 78pM labeled diclofenac and then incubated in the absence (control) or 
presence of 10 PM fMLP or 0.16 PM PMA for 30 min at 37”. Cells were washed and disrupted by 
sonication. Homogenates were spun down and supernatants and pellets were carefully separated. Results 
represent the total amount of diclofenac in the pellet and supernatant derived from 2 x lo6 PMNs 
(means of four experiments). Statistically significant differences between cell fractions obtained with 

resting and stimulated PMNs are designated by * (P < 0.05). 

ability to locomote in the presence or absence of acti- 
vated serum was examined (Fig. 6). This chemoat- 
tractant was preferred to fMLP since PMNs treated 
with 10pM fh4LP for 30min failed to display any 
directed migration in the presence of the same tri- 
peptide (results not shown) due to homologous 
deactivation [20]. When PMNs were incubated with 
diclofenac in the absence of any stimulant, they dis- 
played normal random and directed locomotion, as 
compared to untreated controls, although a non- 
significant decrease of 18% in the migration of PMNs 
pretreated with 156 PM diclofenac was observed (Fig. 
6A and B). Cell pretreatment with fMLP alone 
enhanced random locomotion of PMNs without 
affecting their directed migration induced by acti- 
vated serum. When PMNs were treated with 78 or 
156 PM diclofenac in the presence of fMLP, they dis- 
played a decrease of 54 and 55% in random migration, 
respectively. Their directed locomotion induced by 
activated serum was also reduced by 44 and 49% of 
locomotion, respectively, as compared to appropriate 
controls, i.e. PMNs treated with fMLP in the absence 
of diclofenac. PMNs pretreated in the presence or 
absence of diclofenac and stimulated with 0.16 PM 
PMA failed to exhibit any spontaneous or directed 
locomotion (data not shown). These results are in 
agreement with previous data showing inhibitory 
effects of PMA on chemo-attractant-induced PMN 
functions [21]. 

DISCUSSION 

Diclofenac is widely used in the treatment of cer- 
tain rheumatoid inflammatory disorders. In previous 
studies, we showed that this drug binds to PMNs 
non-specifically [12] and interferes with biological 
functions of chemoattractant-stimulated cells [5]. 

The diclofenac-induced alteration of PMN functions 
is reversible, since normal cell functions are 
recovered when diclofenac is washed out [5,12]. To 
gain insight into the mechanism of action of this 
drug, we characterized the association of diclofenac 
with resting aud stimulated PMNs and its potential 
effect on chemotaxis. The results show that diclo- 
fenac is spontaneously taken up by resting PMNs 
and that stimulation of PMNs by fMLP or PMA 
potentiates this uptake at 37” but not at 4”. Moreover, 
stimulated diclofenac uptake induced by fMLP more 
potently impaired the ability of PMN to locomote, 
as compared to controls. 

The characteristics of diclofenac uptake described 
here appear to be different from those previously 
reported in PMNs with other members of the NSAID 
family [18,23] or antibiotics [U-17,23-27]. Thus, in 
non-stimulated PMNs, diclofenac uptake occurred 
rapidly, resulting in C/E of 1.01. This factor varies 
from 1 to 5 for other NSAID such as acetylsalicylic 
acid and sodium salicylate [18] and from 20 to 90 for 
indomethacin [22]. Other drugs, such as clindamycin 
[16], erythromycin [24], ofloxacin [25] or josamycin 
[24] are rapidly incorporated, with a resulting C/E 
of above 5, suggesting that, in contrast to diclofenac, 
these drugs are spontaneously concentrated in 
PMNs. PMA, which appears here to be a potent 
stimulant of diclofenac uptake (Figs 1,2 and 3), does 
not enhance the incorporation of antibiotics such 
as rifampicin [28] or azythromycin [17] but does 
potentiate the uptake of clindamycin [29] and acetyl- 
salicylic acid [18]. Thus, accumulation of drugs by 
PMNs is mediated through both passive and acti- 
vatable processes. Enhanced diclofenac incorpor- 
ation in the presence of fMLP and PMA occurred at 
37” but not at 4” (Figs 3 and 4) and was mainly located 
in the soluble fraction of disrupted PMNs (Fig. 5), 
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Fig. 6. Effect of diclofenac uptake on PMN random and 
directional migration. PMNs were first treated for 2 min at 
37’ without (control) or with 78 and 156pM diclofenac 
and then incubated for 30 min in the absence (resting) or 
presence of 10nM fMLP. PMNs were washed twice and 
allowed to migrate in the absence of any chemoattractant 
(part A) or in the presence of activated serum (part B) 
during 2 hr. Results are expressed in arbitrary units and 
represent the mean of three experiments. One unit rep- 
resents 156 PM. Significant differences between control and 
assay values are indicated by * (P < 0.05) and by 

** (P < 0.01). 

suggesting that activatable transmembrane processes 
induced by these two stimuli mediate diclofenac 
accumulation in the cytosol. It is possible that a 
proportion of the diclofenac measured in the soluble 
PMN fraction was artificially released from par- 
ticulate components during PMN disruption, since 
diclofenac weakly binds to the PMN membrane [7]. 

The mechanisms whereby diclofenac enters PMNs 
were not studied here but some explanations can be 
inferred from studies with other NSAID. Cell associ- 
ation with the tested drugs can occur through various 
processes including absorptive or fluid-phase endo- 
cytosis, passive diffusion, carrier-mediated uptake, 
ligand trapping or permeation and the activation of 
sodium/hydrogen antiport [22]. PMA and fMLP are 
active stimulators of pinocytosis, a process that could 
explain diclofenac uptake. In the case of PMA, this 
process is probably mediated through the activation 
of protein kinase C, since PMA potently stimulates 
this enzyme [30] and the internalization of membrane 
proteins [31]. However, PMA may also operate 
through other mechanisms than pinocytosis since it 
fails to enhance the uptake of certain drugs [17,28]. 
Internalization of fMLP receptors [32] may also 
potentially account for diclofenac entry into PMNs. 

This hypothesis is suggested by the observation that 
diclofenac behaves like a competitive inhibitor of 
fMLP binding to its specific sites [ 121, which indicates 
that diclofenac may interact with fMLP binding sites 
or cellular components involved in the receptor activi- 
ties of this peptide. Interestingly, 5 to 30 pg/mL cyto- 
chalasin B, an agent known to depress chemotaxis and 
to potentiate the respiratory burst of fMLP-stimu- 
lated PMNs [33,34], enhanced the amount of diclo- 
fenacin fMLP-stimulated cells by approximately 50% 
without affecting that induced by PMA (results not 
shown). These data suggest that diclofenac uptake in 
fMLP- and PMA-stimulated PMNs are regulated 
through different mechanisms. 

The diclofenac associated with resting PMNs did 
not interfere with the primary stimulation of PMNs, 
as examined by measuring fMLP- or activated serum- 
induced migration (Fig. 6). The diclofenac incor- 
porated by fMLP-stimulated PMNs significantly de- 
pressed the capacity of PMNs to locomote (Fig. 6). 
This inhibition, which may result from the rise in the 
amount of cellular diclofenac, similarly affected both 
random and stimulated migration, suggesting that 
diclofenac primarily alters the PMN locomotor 
apparatus. The increased sensitivity of activated 
PMNs to drug effects is likely to be important in 
NSAID effects in uiuo, particularly with regard to 
exudative PMNs since these cells are more reactive 
to chemoattractants than are blood PMNs [35,36]. 
Supporting this assumption is the observation that 
therapeutic doses of some NSAIDs induce in uiuo 
modification of the functions of pleural PMNs in 
vivo, an effect which persists after cell washing 
[4,37], whereas alterations of the functions of blood 
PMNs by these drugs in vitro usually require non- 
pharmacologic NSAID doses and can be reversed 
when the drugs are washed out [7,12]. 

In summary, the stimulation of PMNs by fMLP or 
PMA induces intracellular diclofenac accumulation. 
This uptake is dependent on incubation time and 
diclofenac and stimuli concentrations. The stimu- 
lated diclofenac uptake induced by fMLP potentiated 
diclofenac impairment of random and stimulated 
PMN migration. These data suggest that diclofenac 
may potentially attenuate inflammatory properties 
of PMNs partly by reducing secondary stimulation 
of these cells. 

Acknowledgement-The authors are grateful to B. Boitte 
for typing this manuscript. 

REFERENCES 

1. Snyderman R, Smith CD and Verghese MW, Model 
for leukocyte regulation by chemoattractant receptors: 
roles of a~guanme nucledtide regulatory protein and 
oolvnhosnhoinositides metabolism. J Leuk Biol 40: 
?85L’800,‘1986. 

2. Gallin JI, Phagocytic cells: disorders of functions. In: 
Inflammation: Basic Principles and Clinical Correlates 
(Eds. Gallin JI, GoldsteinIR and Snyderman R), pp. 
309-323. Raven Press, New York. 1988. 

3. Perianin A, Roth-Arveiller M, Giroud JP and Hakim 
J, In vivo interaction of non steroidal antiinflammatory 
drugs on the locomotion of neutrophils elicited by 
acute non specific inflammation in the rat. Biochem 
Pharmacol33: 2239-2243, 1984. 



Stimulation of human polymorphonuclear leukocytes 2045 

Perianin A, Roth-Arveiller M, Giroud JP and Hakim 
J, In uiuo effect of indomethacin and flurbiprofen on 
the locomotion of neutrophils elicited by immune and 
non immune inflammation in the rat. Eur J Pharmacol 
1%: 327-333, 1984. 
Perianin A, Gougerot-Pocidalo MA, Giroud JP and 
Hakim J, Diclofenac sodium, a negative chemokinetic 
factor for neutrophil locomotion. Biochem Pharmacol 
34: 3433-3438, 1985. 
Wildfeuer A, Effect of some nonsteroidal anti-inflam- 
matory drugs on human leucocytes. 2 Rhumatol 42: 
16-20, 1983. 
Perianin A, Gaudry M, Marquetty C, Giroud JP and 
Hakim J, Protective effect of indometacin against 
deactivation of human neutrophils induced by for- 
mylated peptide. Biochem Pharmacol31: 1663-1669, 
1988. 

8. Dahinden C and Fehr J, Receptor-directed inhibition of 
chemotactic factor-induced hyperactivity by pyrazolon 
derivatives. Definition of a chemotactic peptide. J Clin 
Invest 66: 884-891, 980. 

9. Nelson RD, Gracyk JM, Fiegel VD, Herron MJ and 
Chenoweth DE, Chemotactic deactivation of human 
neutrophils: protective influence of phenylbutazone. 
Blood 58: 752-758, 1981. 

10. Perianin A, Labro MT and Hakim J, Chemotactic 
activity of N-formyl-methionyl-leucyl-phenylalanine on 
human neutrophils and its modulation by phenyl- 
butazone. Biochem Pharmacol31: 3071-3076, 1982. 

11. Cost H, Gespach C and Abita JP, Effect of indometacin 
on the binding of the chemotactic peptide formyl-met- 
leu-phe on human polymorphonuclear leukocytes. 
FEBS Let? 132: 85-88, 1981. 

12. Perianin A, Gougerot-Pocidalo MA, Giroud JP and 
Hakim J, Diclofenac binding to human neutrophils: 
effect on respiratory burst and n-formylated peptide 
binding. Biochem Pharmacol36: 2809-2615, 1987. 

13. Ferrante A and Thong YH, Optimal conditions for 
simultaneous purification of mononuclear and poly- 
morphonuclear leukocytes from human peripheral. J 
Immunol Methods 36: 109-117, 1980. 

14. O’Flaherty JT, Kreutzer DL and Ward PA, Neutrophil 
aggregation and swelling induced by chemotactic 
agents. J Zmmunol 119: 232-237, 1977. 

15. Klempner MS and Styrt B, Clindamycin uptake by 
human neutrophils. J Infect Dis 144: 472-479, 1981. 

16. Maderazo EG, K&pas CJ, Breaux ST, Woronick CL 
and Moore R, Pitfalls in testing drug uptake by leu- 
kocytes using radiolabeled drugs and an explanation 
of conflicting results with clindamycin. Chemother 35: 
123-129, 1989. 

17. Gladue RP, Bright GM, Isaacson RE and Newborg 
MF, In vitro and in vivo uptake of azithromycin (CP- 
62,993) by phagocytic cells: possible role mechanism of 
delivery and release at sites of infection. Antimicrob 
Agents Chemother 33: 277-282, 1989. 

18. Raghoebar M, Van den berg WB, and Van Ginneken 

19. 

20. 

CAM, Mechanisms of cell association of some non 
steroidal anti-inflammatory drugs with isolated leu- 
kocytes. Biochem Pharmacol37: 1245-1250, 1988. 
Grinstein S, Furuya W and Cragoe EJ Jr, Volume 
changes in activated human neutrophils: The role of 
Na+/H+ exchange. J Cell Physiol 128: 33-I0, 1986. 
Becker EL, The relationship of the chemotactic 
behavior of the complement derived factors C3a, C5a 
and C567 and bacterial chemotactic factor to their 
ability to activate the proesterase of rabbit poly- 
morphonuclear leukocytes. J Exp Med 135: 376-387, 
1972. 

21. Naccache PM, Molski TFP, Borgeat P, White JR and 
Sha’afi RI, Phorbol esters inhibit the fmet-leu-phe and 
leukotriene B4-stimulated calcium mobilizatio:t and 
enzyme secretion. J Biol Chem 260: 2125-2131, 1985. 

22. Raghoebar M, Drugs and leukocytes. Kinetics and 
mechanisms of association of anti-inflammatory drugs 
with leucocytes. Pharmaceutish Weekblad Scientific 
Edition 11: 100-103, 1989. 

23. Mandel GL and West TK, Killing of intra-leukocytic 
Staphylococcus aureus by rifampicin in vitro and in vivo 
studies. J Infect Dis 125: 486-490, 1972. 

24. Prokesch RC and Hand WL, Antibiotic entry into 
human polymorphonuclear leukocytes. Antimicrob 
Agents Chemother 21: 373-380, 1982. 

25. Laufen H and Wildfeuer A, Kinetics of the uptake 
of antimicrobial agents by human polymorphonuclear 
leukocytes Arzneim-Forsch/Drug Res 39: 233-235, 
1989. 

26. Pascual A, Garcia I and Perea EJ, Fluorimetric 
measurement of ofloxacin uptake by human poly- 
morphonuclear leukocytes. Antimicrob Agents Chemo- 
ther 33: 653-656, 1989. 

27. Hand LW and King-Thompson N, Contrasts between 
phagocyte antibiotic uptake and subsequent intra- 
cellular bactericidal activity. Antimicrob Agents 
Chemother 29: 135-140, 1986. 

28. Hoger PH, Vosbeck K, Seger R and Hitig WH, Uptake, 
intracellular activity and influence of rifampin on nor- 
mal function of polymorphonuclear leukocytes. Anti- 
microbial Agents Chemother 28: 667-674, 1985. 

29. Steinberg TH and Hand WL, Effect of phagocytosis on 
antibiotic and nucleoside uptake by human poly- 
morphonuclear leukocytes. J Infect Dis 149: 397-403, 
1984. 

30. Wolfson M, McPhail LC, Nasrallah VN and Snyderman 
R, Phorbol myristate acetate mediates redistribution 
of protein kinase C in human neutrophils: potential 
role in the activationof the respiratory burst. JImmunol 
135: 2057-2065, 1985. 

31. Erdos EG, Wagner B, Harbury CB, Painter RG, Skidel 
RA and Fa XG, Down regulation and inactivation of 
neutral endopeptidase 24.11 (Enkephalinase) in human 
neutrophils. J Biol Chem 264: 14.519-14523, 1989. 

32. Sklar LA, Finney DA, Oades GZ, Jesaitis AJ, Painter 
RG and Cochrane G, The dynamics of ligand receptors 
interactions. J Biol Chem 259: 5661-5669, 1984. 

33. Zigmond S and Hirsch JG, Effect of cytochalasin B 
on polymorphonuclear locomotion, phagocytosis and 
glycolysis. Exp Cell Res 73: 383-393, 1972. 

34. Korchak HL, Vosshall LB, Haines KA, Wilkenfeld C, 
Lundquist KF and Weissmann G, Activation of the 
human neutrophil by calcium-mobilizing ligands. II: 
Correlation of calcium, diacylglycerol and phosphatidic 
acid generation with superoxide anion. J Biol Chem 
263: 11098-11105, 1988. 

35. Keller HU and Cottier H, Comparison of locomotion, 
chemotaxis and adhesiveness of rabbit neutrophils from 
blood and peritoneal exudates. Blood Cells 10: 45-60, 
1984. 

36. Perianin A, Roth-Arveiller M, Giroud JP and Hakim 
J, Effect of acute non immune inflammation on the 
locomotion of exudate and blood rabbit neutrophils. 
Inflammation 9: 389-394, 1985. 

37. Perianin A, Giroud JP and Hakim J, Differential in oiuo 
effect of Indomethacin, Ibuprofen and Fhtrbiprofen on 
the oxygen-dependent killing activity of neutrophils 
elicited by acute non immune inflammation in the rat. 
Znjammation 1: 181-186, 1989. 


