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ABSTRACT

Enhancement or diminution of leukocyte migration to the specific site might be important factors
for the development of inflammatory diseases. To investigate the effects of non-steroidal anti-inflam-
matory drugs (NSAIDs) on chemotaxis of neutrophil, we obtained neutrophils by Hypaque-Ficoll step
gradient centrifugation and tested the effects of seven drugs on the n-formyl-leucyl-phenylalanine
(FMLP)-induced migration of neutrophil using a 48-well micro chemotaxis assembly. Oxyphen-
butazone, phenylbutazone, sulindac, zomepirac, and ibuprofen suppressed the migration of neutrophil
at the therapeutic concentrations, however, indomethacin showed stimulation effect. IC50s for inhibi-
tion of neutrophil migration by these drugs are less than 100uM. When drugs were preincubated with
FMLP, no inhibition on migration of neutrophil was observed. These results indicated that inhibitory
effects of these drugs on migration of neutrophil might be related to the receptor sites of neutrophil
rather than molecular inactivation of chemoattractant (FMLP). In conclusion, we suggested that the
property of inhibition effects on neutrophil migration of several NSAIDs might be another mode of
pharmacological action for anti-inflammatory effect, which showed significant effects at concentra-
tions below therapeutic levels, in addition to cyclooxygenase inhibition.
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INTRODUCTION

Chemotaxis of neutrophils to the inflammatory
site is the essential step for the defense mecha-
nism of host against various injuries (Maureen
dale, 1984). At the inflammatory locus production
of activated oxygen radicals and release of
lysosomal enzymes leads to not only destruction
of foreign materials but also results in degrada-
tion of host tissues (Cotran et al., 1984; Janoff,
1972a; Starky et al., 1977). Inhibitors of leukocyte
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migration may act as modulators of chronic in-
flammatory reactions. Therefore, we assume that
enhancement or diminution of leukocyte migra-
tion to the specific site will be important factors
for the improvement of inflammatory diseases.
Rescently, we investigated that some non-steroi-
dal anti-inflammatory drugs, which were known
as inhibitors of cyclooxygenase showed inhibitory
effects on migration of neutrophil. Even though
aspirin-like drugs have been prescribed for the
treatment of chronic inflammatory diseases, mode
of action has been pooly understood. Therefore,
present report describes the effects of several a-
gents on neutrophil migration in vitro system at
concentrations of below, within, and above the

— 137 —



range of therapeutic blood levels.

MATERIALS AND METHODS

Materials

Ficoll, sodium diatrizoate (Hypaque), n-formyl-
methionyl-leucyl-phenylalanine (FMLP), acetyl
salicylate, ibuprofen, zomepirac, phenylbutazone,
oxyphenbutazone, indomethacin, sulindac were
purchased from sigma chemical Co. (St. Louis,
MO, USA). Wright stain and buffer solution were
purchased from Yeoung Dong Pharm. Corp.
(Seoul, Korea), and Hank’s balanced salt solution
(HBSS) was purchased from Gibco Corp. (Grand
Island, N.Y., USA). 4

48 well micro chemotaxis chamber assmbly and
polycarbonate filter membrane were purchased
from Neuro Probe Inc. (Cabin Johon, Maryland,
USA) and Poretics Co. (Livemore, CA, USA),
respectively. All other chemicals were of the
higest quality obtainable.

Separation of human neutrophils

Human neutrophils were obtained from hepari-
nized blood of healthy donors (10 units of heparin
per ml of blood) by modification of the method of
Jeong’s (Jeong et al, 1987). 6 ml of Blood was
centrifugated on Ficoll-Hypaque density gradi-
ents at 200 g for 25 min. The leukocyte rich layer
was mixed with 3 vol of HBSS and centrifuged for
S min at 500 g. The cell pellet was resuspended in
5ml of ice-cold water and residual erythrocytes
were hypotonically lysed. Leukocytes were
resuspended and washed twice with 2 vol of
HBSS. Final cell suspensions contained 95% of
neutrophils which were greater than 98% of via-
bility (assessed by tryphan blue dye exclusion).

Drug preparation

FMLP was dissolved in DMSO at a stock con-
centration of 1 mM and prepared final concentra-
tion with HBSS. Acetyl salicylate, ibuprofen,
zomepirac, phenylbutazone, oxyphenbutazone, in-
domethacin, sulindac were dissolved in 0.1%
DMSO and were subsequently diluted in HBSS.

Chemotactic assay

Neutrophil chemotaxis assay was carried out
with a 48-well micro chemotaxis assembly (Falk
et al, 1980; Harvath et al., 1980). 27 ul of 10uM
FMLP added to the bottom wells. A polycarbon-
ate filter sheet (25 mm x80 mm) with 5um holes
was placed on top of the wells in the bottom plate.
The gasket and top plate were fixed in place and
the top wells were filled with 47 ul of HBSS con-
taining 1X10° neutrophils and various concentra-
tion of drugs. The assembly was incubated for 20
min at 37°C in humidified air with 5% CO.. After
incubation, the top plate, gasket and filter were
removed, cells on top of the filter were wiped off
and the filter was fixed in methanol for 20 sec.
The filter was air-dried on a glass slide and
stained with Wright stain solution.

Migrated cells on filter sheets were evaluated
by means of a Diastar Photomicroscope with
Photostar automatic camera system (Reichert-
Jung, Cambridge Ins. Co.). Duplicate chambers
were used in each experiment, and 10 fields were
examined in each chamber with a 24X objective.

Table 1. Effects of NSAIDs on FMLP-induced migra-
tion of neutrophil

Drugs Migrated neutrophils
(1x10")
Control 2.04+0.08
Phenylbutazone*™ 1.28+0.08
Oxyphenbutazone** 0.680.11
Acetylsalicylate 1.96+0.12
Ibuprofen*™ 1.56+0.04
Zomepirac™* 1.30+0.02
Indomethacin®™ 2.32+0.08
Sulindac*™ 1.36+0.01

Neutrophils (1X 10°) were incubated in the upper or
bottom wells of chemotactic chamber with several
NSAIDs or 10uM FMLP in HBSS, respectively. After
incubation for 20min at 37°C, the filter containing mi-
grated neutrophils was removed, fixed, stained and
counted. Each value is the mean=®S.E.M. of three sepa-
rate experiments.

*Significant at P<0.01 vs control

*+*Significant at P<0.005 vs control
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Statistical analysis was done by t-test and signifi- matory drugs on FMLP-induced migration of neu-
cancy was accepted by p-value of less than 0.005. trophil were described in Table 1. At their thera-
peutic concentrations, oxyphenbutazone, phenyl-

butazone, sulindac, zomepirac, and ibuprofen

RESULTS showed significant suppression of neutrophil mi-

gration. However, acetyl salicylate showed no ef-

fect and indomethacin showed stimulation effect

The effects of several non-steroidal anti-inflam- under the assay conditions.
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Fig. 1. Effects of oxyphenbutazone, phenylbutazone, zomepirac, ibuprofen on the FMLP-induced migration of neutro-
phil.

Neutrophils (1 X 10°) were incubated in the upper or bottom wells of chemotactic chamber with various con:
centrations of oxyphenbu-tazone(A), phenylbutazone(B), zomepirac(C), ibuprofen(D) or 10 uM FMLP in HBSS
respectively. After incubation for 20 min at 37°C, the filter containing migrated neutrophils was removed, fixed
stained and counted. Each bar represents the mean of 10 determinants.
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Subsequent studies about the inhibitory capaci-
ty of these drugs on the migration of neutrophil at
various concentrations were carried out (Fig. 1, A
~D). At concentrations below therapeutic blood
levels, oxyphenbutazone, phenylbutazone, zome-
pirac, ibuprofen inhibited neutrophil migration as
much as 40~60% of control values. Especially, all
of them also had maximal inhibition effect at the
concentration of less than 100 uM.

When oxyphenbutazone was tested at concen-
trations of 0.luM~10uM, neutrophil migration
was inhibited in a dose dependent manner (Fig. 1,
A). At a concentrations of 100 uM, 1 mM, however,
there was only a little or no effect on neutrophil
chemotaxis. The effects of phenylbutazone on
neutrophil chemotaxis were similar to those of
oxyphenbutazone (Fig. 1, B). Concentrations of 0.
1 uM;, 10 M of phenylbutazone caused than 50% of
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Fig. 2. Effect of ibuprofen in the lower chamber or
upper chamber on the FMLP-induced migra-
tion of neutrophil.

Neutrophils (1X10°) were placed in the
upper wells of chemotactic chamber and bot-
tom wells were filled with 10uM FMLP in
HBSS. Various concentrations of ibuprofen
were added to the upper (l—H) or bottom
wells (O—0O). After incubation for 20min at
37°C, the filter containing migrated neutrophils
was removed, fixed, stained and counted. Each
point represents the mean=S.EM. of 10 deter-
minants.

control values, but the concentrations at 500 uM
showed no inhibition effect on neutrophil chemo-
taxis. Zomepirac also showed inhibition effect of
100 uM as much as 44%, 44%, 37% of control val-
ues, respectively (Fig. 1, C).

At concentration of 0.1 uM, zomepirac showed
maximal inhibition effect on migration of neutro-
phil. In contrast, ibuprofen caused significant sup-
pression of neutrophil migration at the concentra-
tions between 0.1 uM~1 mM (Fig. 1, D).

To determine whether these effects come from
direct interaction between FMLP and drugs in so-
lution or not, ibuprofen was incubated with
FMLP in the lower chamber prior to start chemo-
tactic assay, the results were depicted in Fig. 2.
When drugs were preincubated with chemoat-
tractant in the lower chamber, no inhibition of
leukocyte migration was observed.

DISCUSSION

Aspirin-like drugs are known as inhibitors of
prostaglandin biosynthesis for anti-inflammatory
activity (Insel ef al,, 1990), since anti-edema and
anti-erythema actions of these drugs correlate
closely with their ability to inhibit the production
of vasodilator prostaglandins in inflammation
(Dawson et al., 1984). Recently, several laborato-
ries reported that ibuprofen and naproxen
showed inhibitory effects on leukocyte function
(Borel, 1973; Geioud et al., 1982; Huy et al., 1985).
We observed interesting results with 7 species of
non-steroidal anti-inflammatory drugs for their
effects on neutrophil migration at therapeutic
concentration. Phenylbutazone, oxyphenbutazone,
sulindac, ibuprofen, and zomepirac inhibited the
FMLP-induced migration of neutrophil (Table 1).
However, acetyl salicylate and indomethacin
showed no effect or stimulation effect on neutro-
phil migration. It was interesting point that indo-
methacin, aspirin, phenylbutazone, oxyphen-
butazone, sulindac, ibuprofen, and zomepirac,
which showed inhibition effects onPGs synthesis,
showed differential effect on the accumulation of
neutrophil in inflammation, and the inhibition ef-
fect of these drugs on neutrophil migration was
not correlated with inhibition effect on cyclooxy
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genase activity. Therefore, we suggest that inhibi-
tion of prostaglandin biosynthesis by NSAIDs is
one unique mechanism of action as well as those
drug can also modulate neutrophil migration.
This suggestion has also been defined by subse-
quent experiments (Fig. 1, A-D). Concentrations
required for maximum inhibition effect on neu-
trophil migration were lower than those of inhibi-
tion on PGs synthesis. At concentrations less than
therapeutic blood levels, oxyphenbutazone, phe-
nylbutazone, zomepirac, ibuprofen showed
marked suppression of neutrophil chemotaxis.
ICS50s for inhibition of neutrophil migration by
these drugs are less than 100uM. (Fig. 1, A-D).

The differential activity of these drugs on leu-
kocyte migration and prostaglandin synthesis
could lead to different clinical effects according
to the concentration. Thus selective inhibition of
cyclooxygenase would be expected to result in re-
lief of symptoms caused by the vasodilator and
hyperalgesic properties of prostaglandins (Daw-
son et al.,, 1984). Increased numbers of leukocytes
at an inflammatory site would result in higher
concentrations of lysosmal enzymes and enhanced
tissue destruction (Janoff, 1972a; Starky, 1977). At
therapeutic concentrations, it is often stated that
indomethacin and acetyl salicylates do nothing to
reverse the underlying causes of chronic inflam-
matory diseases (Insel ef al., 1990). This may be
due to use of the drug at doses which give good
symptomatic relief but actually enhance the accu-
mulation of inflammatory cells. In this respect,
ibuprofen, which do not increase migration,
would be expected to have an improved therapeu-
tic effect, particularly during leukocyte accumu-
lation, before the onset of tissue destruction. Con-
sequently, these results may have some advan-
tages to determine the drug of choice and/or the
theapeutic dose of drug for the treatment of in-
flammatory diseases.

Possible mechanism of action of inhibition on
the FMLP-induced migration of neutrophil by
NSAIDs could be: 1) drug interacts with FMLP in
solution interferring its binding to the receptor
site on neutrophil surface, 2) drug directly modu-
lates the receptor sites of neutrophils (Bender ez
al.,1987., Daniel et al., 1986; Sullivan et al., 1984;
Williams et al, 1977). To determine whether
FMLP interacts with drug in solution or not,

drugs were incubated with neutrophil or FMLP.
When neutrophils were pretreated with drug,
their migration toward chemotactic factor was ef-
fectively inhibited. When drugs were preincu-
bated with chemoattractant, however, no inhibi-
tion of leukocyte migration was observed as
shown in Fig, 2. These results indicated that inhib-
itory effects of these drugs on the migration of
neutrophil might be related to receptor sites of
neutrophil rather than molecular inactivation of
chemoattractant. Still we have to do fine experi-
mental works for the details on the mechanism of
action of these drugs on the receptor sites of neu-
trophil.

Overall, aspirin-like drugs, which were known
as antipyretic, analgesic, and anti-inflammatory
agents, showed individual different pharmacolo-
gical activities (Insel ef al., 1980). We speculated
that these various pharmacological effects of
NSAIDs might come from different mechanisms
of actions of these drugs, like interferring
cyclooxygenase, migration of neutrophil, and re-
lease of proteases (Roch-Arveiller et al., 1979;
Smithj ef al., 1980). In conclusion, we suggested
that the property of inhibition effects on neutro-
phil migration of several NSAIDs might be anoth-
er mode of pharmacological action for anti-in-
flammatory effect, which showed significant ef-
fects at concentrations below therapeutic levels,
in addition to cyclooxygenase inhibition.

REFERENCES

Abita JP: Indomethacin is a competitive inhibitor of the
binding of the chemotactic peptide formyl-Met-Leu-
Phe to human polymorphounclear leukocytes. Agents
Actions 11(6~7): 610-612, 1981

Bender JG, Van Epps DE and Chenoweth DE: Indepen-
dent regulation of human neutrophil chemotactic re-
ceptors after activation. J Immunol 139: 3028-3033,
1987

Borel JP: Effect of some drugs on the chemotaxis of rabbit
neutrophils in vitro. Experientia 29: 676-678, 1973

Cotran RS, Vinay Kumar and Robbins SL: Inflamma-
tion and repair. In; Robbins pathologic basis of disease
(4th edition), Philadelphia: W .B. Saunders Co., pp 39-
71,1989

Daniel Perez H, Elfman F, Lobo E, Sklar 1 and

— 141 —



Chenoweth D: A derivate of wheat germ agglutinin
specifically inhibits Formyl-peptide-induced polymor-
Dhonuclear leukocyte chemotaxis by blocking re-ex-
pression (or recycling) of receptors. J Immunol 136(5):
1803-1812, 1986

Dawson W, Boot JR, Walker JR, and Meade CJ: The
arachidonic acid metabolites. In; Text book of
immunopharmacology by Maureen Dale M and Fore-
man JC, Oxford: Blackwell Scientific Publications, pp
126-39, 1984

Falk W, Goodwin RH, Leonard EJ: A 48-well micro as-
sembly for rapid and accurance measurement of leu-
kocyte migration. J Immunol Methods 33(3): 239-247,
1980

Giroud JP, M Roch-Arveiller: Modification of polymor-
DPhonuclear leukocytes chemotaxis by various groups
of drugs. Trends Pharmacol Sci 39: 447-449, 1982

Harvath L, Falk W and Leonard EJ: Rapid quantitation
of neutrophil chemotaxis: use of polyvinyipyrrolidone-
Jfree polycarbonate membrane a multiwell assembly.
HJ Immunol Methods 37: 39-45, 1980

Huy DP, M Roch-Arveiller, Muntaner O and Giroud
IP: Effect of some anti-inflammatory drugs on
FMLP-induced chemotaxis and random migration of
rat polymorphonuclear leukocytes. Eur J Pharmacol
111:251-256, 1985

Insel PA: Analgesic-antipyretics, anti-inflammatory agents;
drugs employed in the treatment of rheumatoid
arthritis and gout. In: The pharmacological basis of
therapeutics (8th edition.), eds. Goodman LS and Gil-
man A. New York: Macimilan publishing Co., pp638-
681, 1990

Janoff A: Neutrophil proteases in inflammation. Annu rev

Med 23: 177-190, 197 2a

Jeong HY, Ghim SY and Kang K: Simultaneous separa-
tion of pure neutrophils from normal human blood by
step gradient centrifugation. Korean J Immunol X 1):
27-31, 1987

Maureen Dale M and Foreman JC: The neutrophil leu-
kocyte. In; Text book of immunopharmacology, Ox-
Sford: Blackwell Scientific Publications, 36-52, 1984

Roch-Arveiller M, Bradshaw D and Giroud JP: Rela-
tionship between inhibition of rat polymorphonuclear
chemotaxis and various inflammatory reactions. A-
gents Actions 9: 289-293, 1979

Smith RJ, Iden SS: Pharmacological modulation of chemo-
tactic factor elicited release of granule associated en-
zymes from human neutrophils: Effects of prostag-
landins, non-steroidal anti- inflammatory agents and
corticosteroids. Biochem Pharmacol 29: 2389-2395,
1980

Starky PM, Barret AJ, Burleigh MC: T he degradation of
articular collagen by neutrophil proteases. Acta
Biochim Biophys 483: 386-397, 1977

Vane JR: Inhibition of prostaglandin synthesis as a mecha-
nism of action for aspirinlike drugs. Nature (New
Biol) 231: 232-235, 1971

Sullivan SJ, Daukas G and Zigmond SH: Asymmetric
distribution of the chemotactic receptor on polymor-
phonuclear leukocytes. J Cell Biol 99: 1461-1467,
1984

Williams LT, Snyderman R, Pike MC and Lefkowitz
RI: Specific receptor sites for chemotactic peptides on
human polymorphonuclear leukocytes. Proc Natl Acad
Sci USA74(3): 1204-1208, 1977

— 142 —



LTI

H|AB| 20| =4 ¥dZA|7} FMLPO| 93t A& FA19
o] g0l miX & J&

SJAHEE olshehet oFelst A
4 2 9.z 3 9

B ATE 759 vadRes A F9EA7l FMLPe| 93 Al $A47Y olFd wAe A%
4 489 =2 #AFsluxl, Hypaque-Ficoll step gradient centrifugation ¥l €3t} &
ATE 23t 48-well micro chemotaxis assemblyS ©]£3}°] chemotactic assays Al 33}

7o A5 d4ith. Oxyphenbutazone, phenylbutazone, zomepirac, ibuprofen <f
FEstel A FAT- o|Fel tE ZAHFY JALE el 9o, indomethacind
A7 o5& 238 F7MA71E 24 el o] GAEE 2T 100uM TRty oE ¥
o4 ztzt 1C50% el gl e, oxyphenbutazone, phenylbutazone2 10uMolA o oA
35 el 91, zomepirac, ibuprofend 7tz 0.1uMs} 100uMol A 714 28 A 2H4-&
vhebg ek, =3 A7) <GAE FMLPS} 34 a1 FHol 715t e wolls AEe) A A
Tl @l gg defe AdolstAl AE9 olFo Y 3L wixx] Zalodch el=g A
o] ofAl7} FMLP#}2} ¥x13 A% 2H4-& Fs8le] FMLPY #4-& A&7 ARt AZe
AgHel dgE AT HEY olFS JANFEE el Frh ol A7 A4,
oxyphenbutazoneS ¢ A7} 100uM®uIBte] A% o4 FMLPo 23 4479 o5& 73}
A QA 2hgo] g Ha, o] A8 AFA vlagRelo A FiFA Y A4 sdew
2]zl cyclooxygenage QA &3t Wrlel 7Moo 2 Al HER, o|F A7 AT} AX &
o A et Al 29] ok rjd e R A A)ge)

— 143 —



