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Abstract--Diclofenac sodium, a non steroidal anti-inflammatory agent, was studied for its influence on 
the locomotion of human polymorphonuclear neutrophils (PMN), in an attempt to define the mechanism 
governing the drug's anti-inflammatory properties. PMN locomotion was measured by the agarose 
technique under two conditions of stimulation of cell migration: in the presence of a gradient of stimuli 
(chemotaxis) and in the presence of various amounts of stimuli incorporated in the gel (chemokinesis). 

At concentrations below 100 #g/ml, diclofenac in the gel reduced, in a dose-dependent manner, the 
directed locomotion of PMN induced by a gradient of Csa-activated serum, peptide N-formyl-methionyl- 
leucyl-phenylalanine (FMLP) or Klebsiella pneumoniae culture supernatant (KPCS). Diclofenac also 
inhibited the random locomotion of unstimulated PMN, as well as the PMN chemokinetic activity 
induced by various amounts of FMLP or activated serum. Inhibition of PMN locomotion by diclofenac 
decreased when the concentration of the stimulant was raised; this inhibition was inversely related to 
the concentration of heat-inactivated fetal calf serum in the medium. The directed locomotion and 
chemokinesis of PMN, induced by FMLP were also reduced in PMN preincubated with diclofenac 
before migration, suggesting a direct cellular effect of diclofenac. On the other hand, diclofenac did not 
affect the changes in shape induced in floating PMN by FMLP or activated serum. The observation that 
diclofenac did not alter the ingestion rate of bacteria by PMN indicates that this drug is not cytotoxic 
for PMN. Consequently, diclofenac reduces PMN locomotion by interfering with the PMN chemokinetic 
activity. Diclofenac is an anti-inflammatory drug possessing the original property of acting as a negative 
chemokinetic agent, for migration of both stimulated and unstimulated PMN. It should therefore be a 
useful tool for analyzing the elements controlling PMN locomotion speed. 

Polymorphonuclear neutrophils (PMN) are involved 
in all types of inflammation and in host defence 
against microorganisms [1,2]. In response to 
chemoattractants, PMN migrate towards damaged 
or infected tissues [3] where, under a variety of 
stimuli, they release oxygen by-products as part of 
the metabolic burst [4], and discharge the content 
of their cytoplasmic granules into phagosomes and 
extracellular spaces [5]. PMN may be detrimental to 
the host if a misdirected or excessive inflammatory 
response leads to self damage [6]. Anti-inflammatory 
agents (AIA) counter such damage and act in part 
by interfering with PMN locomotion. The latter may 
be impaired by a drug effect on the speed (chemo- 
kinesis) and/or the direction (chemotaxis) of PMN 
locomotion [7]. Diclofenac, an aryl alkanoid, is non- 
steroidal AIA which is widely employed in the treat- 
ment of chronic inflammation and whose mechanism 
of action is poorly understood. This study was con- 
ducted to analyse the in vitro mechanism of action of 
diclofenac-induced alterations in PMN locomotion. 
Special attention was paid to determining the nature 
of these alterations and in particular, whether they 
act on chemokinesis and/or chemotaxis. 

* All correspondence should be addressed to Dr. A. 
Perianin, Laboratoire d'Immunologie et d'Hfmatologie, 
CHU X. BICHAT, 46 rue Huchard 75877, Paris Cedex 18, 
France. 

MATERIALS AND METHODS 

Drugs and chemoattractants. Diclofenac sodium 
(Ciba-Geigy, Basel, Switzerland) was diluted 
immediately prior to use in dimethylsulfoxide 
(DMSO from Fischer) and then in 0.1 M Krebs 
Ringer Phosphate buffer (KRP), pH 7.4 to the final 
desired concentration. The final concentration of 
DMSO in the assays was less than 0.5% and had 
no effect on PMN locomotion. Stock solutions of 
formyl-methionyl-leucyl-phenylalanine (FMLP from 
Sigma Chemical Co., St. Louis, MO) were prepared 
in aliquots in 0.15M NaOH and stored at -80* 
until use. Klebsiella pneumoniae culture supernatant 
(KPCS) and zymosan-activated serum were prepared 
as previously described [10, 11]. Sera obtained from 
10 healthy volunteers were pooled and stored in 
aliquots at - 8 0  °. Whole blood was obtained from 
peripheral veins of healthy adults, in preservative- 
free lithium heparin (10 IU/ml of blood). Leukocytes 
were isolated as previously described [10]. The final 

8 cellular suspension contained 10 PMN/ml. All 
experiments were completed within 3 hr of blood 
collection (i.e. 2 hr after PMN preparation). 

PMNfunction tests. Two types of PMN migration 
assays were used. One served to measure PMN 
directed locomotion (i.e. speed + direction) in the 
presence of one of three chemoattractants-zymosan- 
activated human serum, KPCS or FMLP. The other 

3433 



3434 A. PERIANIN et al. 

was used for measurement of undirected PMN loco- 
motion (i.e. speed only) in the presence or absence 
of chemokinetic factors. 

Directed PMN locomotion was assessed as pre- 
viously described [10], by a modified version of the 
agarose technique [12, 13] except that the agarose 
contained various amounts of diclofenac and 1-10% 
of heat-inactivated fetal calf serum. Undirected PMN 
locomotion proceeded under similar conditions 
of agarose preparation, except that four sets of one 
well only instead of three were cut in the agarose 
with a template. The agarose contained various 
amounts of FMLP or zymosan-activated human 
serum, diclofenac and heat-inactivated fetal calf 
serum (FCS) whose concentrations are given in the 
results. Five microlitres of leukocyte suspension 
(5 x 105 PMN) was placed in each well and incubated 
at 37 ° for 90 min. At the end of incubation, the 
surface occupied by the PMN was a circle with the 
well in its centre. The radius of the circle minus 
that of the well was used to estimate undirected 
locomotion. The variation in the results obtained 
with this technique was less than 5% for duplicate 
experiments (two different petri dishes) of four 
measurements each. 

Changes in the shape of floating PMN induced by 
FMLP or human activated serum were assessed by 
a modified version of the method of Smith et al. [14]. 
Suspensions of 5 x 105 PMN/ml in KRP containing 
10% FCS were exposed for 10 min at 37 ° to various 
concentrations of diclofenac or buffer. FMLP final 
concentration: 5 × 10 -8 M was then added. For chan- 
ges of shape induced by human activated serum, the 
FCS concentration was 5% during the 10min of 
PMN exposure to diclofenac; human activated serum 
(or human heat-inactivated serum) was then added 
to a total serum concentration of 10%. After 4 rain 
the PMN were fixed with 1% (final concentration) 
of ice cold glutaraldehyde (v/v). PMN were exam- 
ined by phase contrast microscopy (magnification, 

x400) and 200 cells per field were classified into two 
groups, one consisting of round ceils, and the other 
of cells with at least one lamellipod (front and/or 
tail). In some experiments an aliquot of fixed cells 
was cytocentrifuged and stained with hematoxylin- 
eosin. Results were similar to those obtained with 
unstained cells. The ingestion rate of heat-killed 14C- 
labelled Klebsiella pneumoniae  by PMN was 
measured exactly as previously described [15] in the 
presence of 100 microorganisms per PMN, except 
that the PMN were incubated with various con- 
centrations of diclofenac prior to the addition of the 
microorganisms. Diclofenac was not removed during 
the assays. 

Results used for statistical analysis are the means 
of assays performed in duplicate, after subtraction 
of appropriate blanks. Values were discarded when 
a variation of more than 10% was observed between 
the duplicate results. 

Statistics were calculated on a Compucorp 445 
Statistician. The significance of differences between 
control and assay experiments was assessed by the 
Student t-test (paired or unpaired). Linear 
regression parameters were calculated by the least 
square method. 

RESULTS 

PMN-directed locomotion, induced by human 
serum, 10 -7 M FMLP (the concentration at which the 
maximal effect was obtained under our experimental 
conditions), or KPCS was reduced by the presence 
of diclofenac in the agarose (Fig. 1). The effect of 
this agent was dose-dependent. Observation of single 
cell locomotion under the microscope [10] during the 
migration induced by human serum, KPCS or FMLP 
suggested that diclofenac acted primarily on the 
speed of locomotion and not on the direction taken 
by the cells. Diclofenac also decreased FMLP- 
induced directed locomotion from 10 -8 to 10 -6 M 
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Fig. 1. Effect of diclofenac on FMLP, KPCS and serum-induced directed migration of PMN. Diclofenac 
was present at the indicated final concentration in the agarose gel containing 10% heat-inactivated FCS. 
Directed PMN locomotion was induced by undiluted serum, KPCS or FMLP at the concentration of 
10 -7 M. Control values (obtained in the absence of diclofenac) were, 1.90-+ 0.20, 1.30- 0.13 and 
1.54 --- 0.15 mm in the presence of FMLP, KPCS and serum respectively. Results are expressed as 
percentages of control values and represent the means - 1 S.D. of 5-7 different experiments. Significant 
differences between control and assay values (paired data) are indicated by ** (P < 0.01) and by 

*** (P < 0.001). 
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Fig. 2. Effect of diclofenac on the directed locomotion of PMN induced by various FMLP concentrations. 
Diclofenac was present in the agarose gel which contained 10% FCS. Increasing concentrations of FMLP 
were added to the chemoattractant wells to induce oriented PMN locomotion. Results are expressed in 
percentages of the maximal control values obtained in the presence of 10 -7 M of FMLP. The maximal 
control value represented a migration distance of 1.90 -+ 0.20 mm after incubation for 90 min. Each 
value is the mean --- 1 S.D. of 5-7 different experiments. For each series of experiments, a statistically 
significant difference between corresponding control and assay values (paired data) is indicated by 

* (P < 0.05), ** (P < 0.01) and *** (P < 0.001). 

3435 

(Fig. 2). A t  10 -5 M F M L P ,  a concen t r a t i on  at  which 
d i rec ted  locomot ion  of  con t ro l  P M N  was m u c h  lower  
than  P M N  r a n d o m  locomot ion ,  no  inh ib i to ry  effect  
by dic lofenac could be  obse rved .  M o r e o v e r ,  more  
t han  95% of P M N  i n c u b a t e d  for 90 min  wi th  the  
h ighes t  concen t r a t i on  of  dic lofenac used in these  
assays, i.e. 100/~g/ml ,  exc luded  Trypan  blue.  This  
suggested tha t  d ic lofenac was no t  cytotoxic for  the  
P M N  at the  concen t r a t i ons  used.  In addi t ion ,  25 -  
100 / tg /ml  dic lofenac did not  a l ter  the  inges t ion ra te  
of heat -k i l led  opson ized  Klebsiella pneurnoniae by 

P M N  (results  no t  shown) .  This  conf i rmed tha t  diclo- 
fenac was not  cytotoxic.  

Because  dic lofenac a p p e a r e d  to act on  P M N  
chemokines is  r a the r  t han  on  h u m a n  se rum,  KPCS 
or  F M L P - i n d u c e d  chemotax is ,  we checked  tha t  
d ic lofenac- t rea ted  P M N  were  still able  to r e spond  to 
s t imula t ion  by F M L P  or h u m a n  ac t iva ted  se rum by 
changing  the i r  shape.  This  was indeed  the  case,  as 
shown in Tab le  1. 

P M N  und i rec ted  locomot ion ,  i.e. in the  absence  
of c h e m o a t t r a c t a n t  gradient ,  was es t imated ,  as s ta ted  

Table 1. Effect of diclofenac on changes in the shape of floating neutrophils 
induced by FMLP or activated serum 

% of cell shape --- 1 S.D. 

Diclofenac Morphologically 
Stimuli (/~g/ml) Round PMN modified PMN 

FMLP 

Activated serum 

0 14.2 --- 7.8 85.8 +-- 7.8 
25 14.0 --- 5.4 86.0 --- 5.4 
50 11.5 --- 6.4 88.0 --- 6.4 

100 12.8 --- 8.7 87.2 --- 8.7 
0 8.3 -+ 3.3 91.7 --- 3.3 

25 5.4 -+ 3.5 94.6 +-- 3.5 
50 6.9 --- 4.3 93.1 - 4.3 

100 7.3 -+ 3.4 92.3 --- 3.4 

A suspension of 5 x 105 PMN (i.e. 96% of leukocytes) was preincubated for 
10 min at 37 ° in the presence or absence (control) of various amounts of 
diclofenac and 10% heat-inactivated FCS. The cells were then stimulated by 
FMLP (5 x 10 -s M) and incubated for 4 min and fixed by adding 500/zl of 2% 
glutaraldehyde to the incubation medium. When the PMN were stimulated with 
activated serum (5%), the FCS concentration in the medium was 5%. PMN 
which were round or showed morphological changes were counted under the 
microscope. At  least 200 cells per field were counted. Results are expressed as 
percentages of cell shapes and represent the means --- 1 S.D. of 6 experiments. 
In the absence of chemotactic stimuli, more than 77% of the PMN were round. 
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Fig. 3. Effect of diclofenac on PMN chemokinesis induced 
by various FMLP concentrations. Various concentrations 
of FMLP and/or diclofenac were incorporated into the 
agarose containing 10% FCS. Results are expressed as the 
percentages of maximal control values obtained in the 
presence of 10-SM FMLP. The corresponding maximal 
control values represented a migration distance of approxi- 
mately 2.22 -+ 0.07 mm (mean - 1 S.E.M. of 6 experi- 
ments) after incubation for 90 min. Regression parameters 
calculated for each correlation coefficient (r) and slope (s) 
were r = 0.950, s = -28.1 for curve e (absence of FMLP); 
r = 0.990, s = -27.5 for curve d (10 -9 M FMLP); r = 0.998, 
s = -110 for curve c (10 -8 M FMLP); r = 0.999, s = -48.7 
for curve a (10-7M FMLP) and r = 0.900, s = -4 .9  for 

curve b (10 -6 M FMLP). 

in Materials  and Methods ,  in the presence of  various 
doses of  chemotact ic  factors included in the gel. 
Results in Fig. 3B (curve e) show that undirected 
and unstimulated locomotion (i.e. in the absence 

of a chemokinet ic  factor) decreased linearly as a 
function of  the log of  the diclofenac concentrat ion 
in the agarose. A t  100 ~g /ml  of  diclofenac, undi- 
rected and unst imulated locomot ion was inhibited 
by more than 95%. 

Both F M L P  and serum are known to be not  only 
chemotactic,  but also to possess chemokinet ic  
activity [11, 16]. Results in Fig. 3A confirm that 
F M L P  inclusion in the agarose has a positive chemo- 
kinetic action on the PMN,  except  at high con- 
centrations (10 -6 M). The  maximal  positive chemo- 
kinetic activity of  F M L P  was recorded for 10 -8 M of 
F M L P  in the agarose;  above and below this con- 
centrat ion,  F M L P  was less effective (Fig. 3A).  As 
shown in Fig. 3B (curves a, c, d), diclofenac inhibited 
the positive chemokinet ic  effect of  F M L P  on PMN. 
Moreover ,  this inhibition was linearly correlated to 
the log of  the diclofenac concentra t ion (Fig. 3B). 
The inhibitory effect of  diclofenac was weak in the 
presence of  high concentrat ions of  F M L P  (10 -6 M),  
which exhibited no detectable  positive chemokinet ic  
activity (Figs 3A and B, curve b), but marked  in 
the absence of  F M L P  (Fig. 3B, curve e). Figure 4 
confirms the chemokinet ic  activity of  human serum. 
It also shows that diclofenac reduced the PMN 
chemokinet ic  activity at all the serum concentrat ions 
used ( f rom 1 to 10%). These results indicate that 
diclofenac possesses a negative chemokinet ic  effect 
which is obvious in unst imulated cells, and in cells 
stimulated by serum or 10 -7 to 10 - 9 M  FMLP.  In 
order  to de termine  whether  or  not  the diclofenac 
inhibition effect on P M N  locomot ion was due to 
cellular alterations, we measured  the migration of  
PMN preincubated with diclofenac. Results  given in 
Table  2 indicate that both chemokinesis  and directed 
migration induced by F M L P  were  reduced in diclo- 
fenac-treated PMN. This argues for a cellular effect 
of diclofenac. 

All  the above exper iments  were  per formed with 
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Fig. 4. Effect of diclofenac on the chemokinetic activity of PMN induced by activated serum. Diclofenac 
was present into the agarose gel which contained various indicated amounts of activated serum and 
inactivated FCS giving a total serum concentration of 10% (v/v). Results are expressed as the percentages 
of the maximal control values obtained in the presence of 5% activated serum. The maximal control 
value represented a migration distance of 1.75---0.23 mm after 2 hr incubation. Each value is the 
mean - 1 S.D. of 7 different experiments. A statistically significant difference between corresponding 

control and assay values (paired data) is indicated by ** (P < 0.01) and *** (P < 0.001). 
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Table 2. Effect of the preincubation of PMN with diclofenac 
on directed locomotion and chemokinesis induced by 

FMLP 

Migratory distances -+ 1 S.D. 
(in % of control values) 

Diclofenac PMN directed 
(/tg/ml) locomotion PMN chemokinesis 

0 100 - 9.8 100 ± 6.8 
(1.65 ± 0.16) (1.84 ± 0.12) 

25 94.9 ± 9.2 95.9 ± 5.2 
50 88.8 --- 5.9** 82.3 ± 1.4"** 

100 84.6 - 6.6** 77.9 ± 6.9** 
200 55.2 ± 6.3*** 56.8 -- 9.2*** 

PMN were preincubated for 15 min at 37 ° in the absence 
(control) or presence of diclofenac at various concen- 
trations. Suspensions of PMN (5 x 105 cells) were added to 
the PMN wells. 10 -7 M FMLP was placed in the attractant 
wells for measurement of PMN directed locomotion. PMN 
chemokinesis was assessed in the presence of 10 -8 M FMLP 
incorporated in the gel. Results are expressed as the per- 
centages of control values and represent the mean ± 1 S.D. 
of 5 different experiments. Each control value (100%) is 
given in parentheses and is expressed in mm. Significant 
differences between control and assay values are indicated 
by ** (P < 0.01) and *** (P < 0.001). 

10% serum (FCS and /o r  human serum) in the 
agarose. To  establish whether  or  not  FCS altered the 
effect of  diclofenac, we assessed this effect on PMN 
locomot ion in relat ion to the FCS concentrat ion in 
the agarose medium.  W h e n  this concentra t ion was 
reduced,  inhibit ion of  the P M N  chemokinesis  by 
diclofenac in the presence of 10 -s M F M L P  greatly 
increased (Table 3). Similar results were  observed 
with human activated serum. It is worth noting that 
in control  exper iments  the decrease in the heat- 
inactivated serum concentra t ion f rom 10 to 1% did 
not modify P M N  locomotion.  

DISCUSSION 

The results r epor ted  here  indicate that in vitro, 
diclofenac acts on P M N  locomot ion as a direct nega- 
tive chemokinet ic  agent. This proper ty  of  diclofenac 

will be discussed, bear ing in mind that the drug is 
not  toxic for the PMN. 

The dose-related inhibition by diclofenac of  both 
unstimulated (Fig. 3) and serum-st imulated loco- 
mot ion (Figs 1 and 4) is open to question. It is 
conceivable that in actual fact, diclofenac exerts its 
effect on the chemokinet ic  activity of any bacterial 
products such as F M L P  [17] which happen to be 
present  in the agarose. Accordingly,  if under  our  
exper imental  conditions of  measurement  of  undi- 
rected and "uns t imula ted"  PMN locomot ion the aga- 
rose is contaminated  by minute  amounts  of  bacterial  
products,  they would act as positive chemokinet ic  
factors. If  this were  the case, then our  results for 
"uns t imula ted"  and undirected locomot ion would 
reflect a P M N  locomot ion st imulated by bacterial  
products,  and diclofenac might act by inhibiting this 
stimulation. Several  factors, however ,  argue against 
this hypothesis.  Phenylbutazone has been shown by 
several authors to inhibit F M L P  binding to its specific 
receptors in the P M N  and to abolish the triggering 
effects of F M L P  on P M N  functions [10, 18, 19]. 
However ,  we and others  have shown that phenyl- 
butazone does not  alter undirected P M N  locomotion 
in the absence of  any stimuli [10, 18], which was 
confirmed under  our  present  exper imental  con- 
ditions (results not  shown). Fur thermore ,  phenyl- 
butazone does not  inhibit  directed PMN locomotion 
induced by activated serum [10, 18] and this was 
also confirmed here  (results not  shown). In contrast,  
diclofenac decreased undirected and directed PMN 
locomotion induced by serum, and acted almost 
exclusively on P M N  chemokinesis .  It is well known 
that the stimulating effect of serum on P M N  loco- 
mot ion is largely due to the presence of C5~ fraction 
of activated complement  [16]. Csa acts through its 
binding to specific receptors  on the PMN,  which are 
different from the P M N  receptors  binding F M L P  
[16]. The  binding of  C5a also induces morphological  
changes in the shape of  PMN. U n d e r  all our  experi- 
mental  conditions,  diclofenac inhibited the PMN 
locomotion in the absence or  presence of  FMLP,  
serum and KPCS,  without  altering the cell changes 
in PMN morphology induced by F M L P  or activated 
serum. This suggests that diclofenac-treated P M N  
are still able to recognize chemotact ic  factors and 

Table 3. Effect of diclofenac on the PMN chemokinetic activity induced by FMLP in relation to 
the serum concentration 

Migratory distances 
(% of control values ± 1 S.D.) 

Diclofenac Fetal calf serum concentration (%) 
(,ug/ml) 1 2.5 5 10 

0 100.00 _+ 8.6 100.00 ± 10.2 100.00 _+ 9.2 100.00 _ 8.6 
(1.84 - 0.16) (1.70 ± 0.16) (1.91 - 0.17) (1.79 - 0.15) 

10 84.6 - 7.1" 90.5 -- 10.3 84.00 - 6.3* 99.2 _ 7.9 
25 39.1 ± 1.1"** 55.3 -+ 7.9*** 60.8 ± 8.5*** 78.00 ± 7.6** 
40 28.8 - 1.0"** 31.2 ± 4.7*** 36.5 - 6.0*** 67.00 - 9.0*** 

Diclofenac and heat-inactivated FCS were present in the agarose gel at the indicated final 
concentrations. FMLP was also incorporated into the agarose at the optimal concentration of 
10 -8 M. Each bar represents the mean - 1 S.D. of 5 different experiments. Results are expressed 
as the percentages of the corresponding control values (obtained in the absence of diclofenac). 
Each control value (100%) is given in parentheses and is expressed in mm. Significant differences 
between control and assay values are indicated by * (P < 0.05), ** (P < 0.001) and *** (P < 0.001). 
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possibly small differences in the concentrations of the 
stimuli controlling cell orientation during migration. 
The mechanism by which diclofenac alters PMN 
locomotion remains speculative. It is however prob- 
ably due to cellular alterations as suggested by the 
decrease in the migration of diclofenac-pretreated 
ceils (Table 2). Further analysis of diclofenac binding 
to the PMN will show whether the drug binds to 
specific sites on the PMN or binds non-specifically to 
its membrane. Many other anti-inflammatory drugs 
such as indomethacin [20], auranofin [21] and 
corticosteroids [22] have been shown to inhibit PMN 
locomotion, but none of them has been reported to 
possess negative chemokinetic activity on unstimu- 
luted PMN. 

The diclofenac concentrations giving half inhi- 
bition of the maximal chemokinetic activity of 10 -8 M 
FMLP and of human activated serum were 45 and 
65/~g/ml respectively, when the agarose contained 
10% serum comprising FCS and/or human serum. 
These values are much higher than those obtained 
in the blood of treated patients. Since the anti- 
inflammatory agents act in extracellular fluid where 
the protein concentration is low, we analysed the 
effects of diclofenac at lower concentrations. Reduc- 
ing the serum concentration in PMN locomotion 
studies clearly showed that inhibition by diclofenac 
increased. The most probable explanation for this 
finding is that diclofenac may be bound to serum 
factors, and is no longer active when bound to 
proteins. This has already been shown for the inhi- 
bition by indomethacin of several FMLP-induced 
PMN functions, which is obvious in protein-free 
buffer systems [23-25] but completely disappears 
on addition of albumin or heat-inactivated serum 
[24, 25]. 

In conclusion, diclofenac inhibits PMN chemo- 
kinetic activity in a dose-dependent fashion. This 
property was observed in the absence and presence 
of two positive chemokinetic factors (activated 
human serum and FMLP) which act on two different 
specific receptors on the PMN membrane. This nega- 
tive chemokinetic effect of diclofenac which does not 
seem to interfere with the chemotactic activity of 
FMLP or human activated serum, might make the 
drug a very useful probe in PMN locomotion studies. 
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