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SUMMARY

The effect of various concentrations of colchicine
on the migration of human granulocytes over
a period of 16 hours was studied by means of
a modified agarose plate system. Control random
migration and chemotaxis were rapid up to 4-6
hours with little further advance after 8 hours.
Chemotactic migration at two hours was
inhibited by both 10~ "M and 10~ *M colchicine,
but thereafter, no inhibition was observed.
Random migration at a concentration of 10~ "M
colchicine was also inhibited only at two hours.
Significant inhibition of random migration was
observed with 107°M colchicine, however, for
migration periods up to six howurs.

The early inhibition of chemotaxis and stimulated
random migration in the presence of physiologic
concentrations of colchicine is consistent with
previous evidence that these processes are micro-
tubular dependent. The transient nature of this
inhibition, however, suggests that the cells which
are slowed continue to migrate longer than the
control cells so that the eventual maximum
migration distance for the untreated and
colchicine-treated cells is about the same.

INTRODUCTION

Colchicinne has been shown to inhibit the
chemotaxis of granulocytes in vitro,'™ but to
have little effect on their random moti.lity.4's
This inhibition is generally attributed to its
antitubulin properties, which cause impairment
in the assembly of microtubules, structures of
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importance in chemotactic locomotion.*®

Most prior studies of the effects of colchicine on
granulocyte migration have utilized the Boyden
chamber technique or one of its modifications,
and incubation periods of 4-5 hours or less.1+3*%

The purpose of the present study was to
investigate the effect of various concentrations
of colchicine on the motility of human granulo-
cytes at various time intervals during migration
periods up to 16 hours, It was possible to
evaluate both random migration and chemotaxis
by means of a modified agarose plate technique.™

Materials and Methods

Agarose A-45 (agarose) was obtained from
Nakarai Chemicals, Ltd., Kyoto, Japan; Medium
TC-199 (TC199%) from Nissui Seiyaku, Co., Ltd.,
Tokyo, Japan; fetal calf serum (FCS) from
Grand Island Biclogical Co., Grand Island,
New York; colchicine from Wako Pure Chemical
Industries, Ltd., Osaka, Japan; and Dextran T500
(Dextran) from Pharmacia, Uppsala, Sweden.
Plastic petri dishes 60 X 15mm, were purchased
from Falcon, Oxnard, California; Ficoll 400
(Ficoll) from Pharmacia, Uppsala, Sweden; and
Conray 400 (Conray) from Daiichi Seiyvaku Co.,
Tokyo, Japan.

Heparinized venous blood (20 IU heparin/ml)
was obtained from the antecubital vein of several
healthy adult donors, mixed with balanced salt
solution, and layered over a mixture of Ficoll-
Conray. Mononuclear cells were separated
according to the Boyum method using sterile
technique.10 Granulocytes were separated from
the granulocyte-RBC pellet by dextran sedimen-
tation. Following washing, the granulocytes
- were suspended in TC199 at a final concentration
of 1X 10° cells / 10pl. Granulocyte viability
was greater than 98% by trypan blue exclusion.

The chemoattractant used for these studies was
fresh human AB serum.” A single sample of
fresh serum was obtained from a healthy AB
blood group donor and kept frozen at —20°C.
Freshly thawed aliquots were used as required.

Agarose plates were prepared as described by
Nelson et al” with some modifications. Agarose
was dissolved in boiling sterile distilled water,
cooled, and made up to a solution containing
1% agarose in TC199 supplemented with 10%
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FCS. Penicillin G, 100 IU/ml and streptomycin,
100pugfm! were added. Colchicine was incorpo-
rated into the media of some plates to achieve
concentrations of 107'M or 1075M. Control
plates were prepared without the use of colchicine.
The agarose was hardened by refrigeration from
30-60 minutes following which a series of five
wells, each 3.0mm in diameter and the edges of
which were 4.0mm apart, were cut in a straight
line by means of a stainless steel template. The
agarose plug in the center of each well was
removed by means of gentle suction using a
Pasteur pipette.

Ten pl of chemoattractant was placed in the
center well, and 10yl of TC199 in each of the
outer two wells. To each of the other two wells,
10l of TC199 containing 1x 10° granulocytes
was added. The plates were incubated at 37°C
in a humidified 5% CO; incubator. Chemotaxis
and random migration were measured by
determining the distance from the edge of the
well containing the cells to the leading edge of
the migrating cells in the direction of the
chemoattractant, and control (TC199),
respectively, as  previously  described.’
Experiments were performed in duplicate and
the results averaged as the final end point for
each determination. Incubation was continued
for 16 hours during which. time measurements
were made at 2-hour intervals by means of an
inverted microscope with an ocular eyepiece
grid, Permanent preparations were made at 16
hours by fixation of the plates with Carnoy’s
solution for 30 minutes, following which the
agarose gel was removed and the plates were
stained with Wright-Giemsa stain.

In order to be certain that neither the colchicine
nor other conditions were altered through
prolonged incubation, some plates were
preincubated prior to the granulocyte
experiments. Agarose plates containing 10~"M
colchicine, 107°M colchicine or no colchicine
were placed in the incubator for 16 hours and
removed at 2-hour intervals for mock measure-
ments. The agarose of the plate then was
hardened by refrigeration for two hours, following
which wells were punched, freshly-prepared
granulocytes inserted and the usual migration
procedure carried out as described above.

RESULTS
Eifect of 10~"M and 107°M Colchicine on
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FIGURE 1 EFFECT OF COLCHICINE ON HUMAN GRANULOCYTE CHEMOTAXIS UNDER AGAROSE
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TABLE 1 MEAN PERCENT OF CHEMOTAXIS DISTANCE ACHIEVED BY
COLCHICINE-TREATED CELLS COMPARED WITH CONTROLS

#1 anvFryoaBhkeEerbe g, o ikl ATFHEESE
Houts
Colchicine
2 4 6 8 10 12 16
10-™™ 79.61  80.6 90.2 100.1 99,7 1017 1044
107°M 70.8* 739 79.5 86.2 88.2 94,3 97.4

$.05<P<.10 (borderline # f1 4% )
*P<.05

Chemotaxis. The effect of 107’M and 107°M
colchicinre on the chemotaxis of granulocytes
from 13 individuals is shown in Figure 1 and
Table 1. The average distance achieved by the
leading front of cells toward the chemoattractant
at two hours was reduced in both the 107'M
(.05<P<.1) and 10~ °M (P<.05) preparations as
compared to the controls. The average migration
distances for the 10~°M and 107 "M colchicine-
exposed cells were 1.04+0.3mm and 1.17£ 0.3mm,
respectively, in comparison to a control of
1.46+0.5mm. Chemotaxis was about 20%30%
inhibited by these concentrations of colchicine
at two hours (Table 1). At four hours and
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RL7. 28BS ST b EFESIAOF @I HEE
Li-MmERDE-AMESEIEME L, STIRMERE ERL T
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FIGURE 2 EFFECT OF COLCHICINE ON HUMAN GRANULOCYTE RANDOM MIGRATION
UNDER AGAROSE
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TABLE 2 MEAN PERCENT OF RANDOM MIGRATION DISTANCE ACHIEVED BY
COLCHICINE-TREATED CELLS COMPARED WITH CONTROLS

#2 aANeFARMMROTHANGGERRE, L BLAFHESE

Hours
Colchicine
2 4 6 8 10 12 16
W0 754 80.7 84.0 85.4 91.4 91.7 99.7
10°M  65.9*% g7.6** 75.0%  83.3 81.3 83.7 89.5
*P<0S  **P<.01

" thereafter, however, the migration distances for
the colchicine-exposed and nonexposed cells
were no longer significantly different.

Effect of 107’M and 10~°M Colchicine on
Random Migration, The distance achieved by
the leading front of cells toward the control well
was recorded at the same 2-hour intervals in each
individual as described abowve for chemotaxis,
and the results are shown in Figure 2 and Table 2.
At two hours, significant inhibition was observed
for the cells exposed to both 107"M (P<.05)
and 107%M (P<.01) colchicine as compared to
the controls. The average migration distances
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for the 107°M and 107"M colchicine-exposed
cells were 0.93203mm and 1.07£0.3mm,
respectively, in comparison to a control value of
1.41x0.5mm. Random migration was about
25%-35% inhibited by these concentrations of
colchicine at two hours (Table 2). With 1075M
colchicine, significant inhibition was observed at
four hours (P<.01) and again at six hours
(P<.05). At eight hours and thereafter, however,
the difference was no longer significant. With
107"M colchicine, significant inhibition was
observed only at the first two hours.

Effect of Preincubation of Plates. Preincubated
as well as nonpreincubated agarose plates were
used to study granulocyte migration in 4 persons,
who were chosen at random from among the 13
individuals studied. Measurements of random
migration and chemotaxis at 2-hour intervals
were nearly identical in all cases, with no
significant differences based on type of plate
used.

DISCUSSION

Colchicine inhibition of both random migration
and chemotaxis was observed to depend on
incubation duration. During approximately
the first 2-4 hours of incubation significantly
shorter distances were achieved by colchicine-
exposed cells compared with controls. As the
incubation time was increased, however, cells
exposed to colchicine ““caught up” with controls,
and by 8-10 hours or later no significant
differences were observed among the preparations.
This appeared to result from decreased speed of
the colchicine-exposed cells during the early
stages of migration. During the first 4-6 hours
of incubation, the control cells rapidly out-
migrated and then slowed quickly. In contrast,
the cells exposed to colchicine migrated more
slowly initially, but after 4-8 hours of incubation,
the period when nonexposed cells began slowing,
the colchicine-exposed cells continued to migrate
at a relatively faster rate, allowing them to
“catch up” with the nonexposed cells.

Qur observations during the first 2-4 hours are
consistent with earlier reports of impaired
granulocyte motility from colchicine.)”®™® Most
of the previous studies, however, used incubation
periods of 4-5 hours or less, the period during
which colchicine effects are most pronounced.
It seems likely that had these studies been
conducted for longer periods of time, the
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“catching up” effect of the colchicine-exposed
cells might also have been observed.

One possible explanation for this colchicine-
induced slowing may be that, on the average,
both randomly migrating and chemotactically
responding cells have a certain amount of energy
for locomotion, and that the effect of colchicine
is to impair the migration mechanism without
significantly affecting the energy supply of the
cells. Colchicine-exposed cells, moving slower
during the early incubation period and using less
energy, would have more energy available for
locomotion later, when the energy stores of the
cells unexposed to colchicine are more depleted.

Another possible explanation for the disappear-
ance of significant colchicine inhibition was
gradual deterioration of colchicine during the
lengthy 16-hour incubation period and multiple
removal of the plates for measurements. Photo-
isomerization of colchicine to inactive lumin-
colchicines is known to occur.!! This possibility,
as well as the possibility of other changes in the
media during the experimental procedure, was
ruled out by the use of preincubated agarose
plates. Results using plates which had been
preincubated prior to use were essentially the
same as those obtained using nonpreincubated
plates.

The results of these studies are consistent with
the earlier observation that colchicine inhibition
of human granulocyte chemotaxis in vitro is
concentration dependent:.':"4 Greater inhibition
of both random migration and chemotaxis was
observed at 10~°M colchicine than at 107'M
colchicine. With increased colchicine concen-
tration we have observed even greater toxicity.
In previous studies’> using the agarose plate
system, we have observed that at 1073M
colchicine relatively fewer granulocytes migrate
out from the wells, and for shorter distances,
and that at 10‘2M, no detectable migration
QCCcurs.

The mechanism by which colchicine at concen-
trations of 1077M to 10~°M inhibits granulocyte
motility is probably related to antitubulin binding
and impaired microtubule assembly.%13:1*
Antitubulins such as colchicine have been found
to interfere with several granulocyte functions
other than motility, however. Adhesiveness,'®
oxygen cc-nsumption,16 and protein and nucleic

acid synthesis'® are also impaired. Most of the
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effects seen in the range of 107"M to 107°M
probably depend directly or indirectly on micro-
tubules. At these concentrations, the colchicine
binding sites are saturated.’” -

Another important observation from these
studies was the similarity of the effect produced
by colchicine on random migration and
chemotaxis. For both types of migration, early
inhibition of the colchicine-exposed cells,
followed by ‘“‘catching up™ with controls, was
observed. This implies that at least in the agarose
plate system, the inhibitory mechanism is similar
for both types of migration. Several studies'®2°
have shown that randomly migrating neutrophils
‘may be stimulated to increase their speed by
substances in their environment {chemokinesis).
Malech et al® have shown that neutrophils
migrating in the absence of chemokinetic
substances are uninfluenced by colchicine,
whereas 2z slight effect was shown in their
presence. In the agarose system, serum Of serum
albumin must be added to the medium in order
for granulocyte migration to occur.” Since both
serum and serum albumin are chemokinetic for
neutrophils,””? random migration as assayed in
this system is actually chemokinesis. The results
of the present study agree with those of Malech
et al® and indicate that chemokinesis and
chemotaxis are both colchicine sensitive
processes and, therefore, probably both are
microtubule dependent.

The results of the present study support the
hypothesis that impairment of neutrophil
motility by colchicine may be at least one of the
mechanisms responsible for the beneficial effects
of the drug in the treatment of gout. Blood and
‘intragranulocyte levels of 107%M to 107 %M are
achieved following therapeutic administration for
1;;011t,21’22 concentrations which are similar to
those used to produce the effects seen in the
present study and in a previous study by one of
us.?® Studies on the pathogenesis of acute gout
have provided evidence that granulocyte motility
is intimately related to the development of the
acute attack.? Phagocytosis of urate crystals, a
constant feature of the acute attack, has been
shown to result in the generation of factors
chemotactic for granulocytes.2

In experimentally produced urate arthritis, the
accumulation of granulocytes has been found to
be mnecessary for the occurrence of inflam-
mation.?® Phelps®? has shown that urate crystals
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are chemokinetic for granulocytes, and that this
stimulation is inhibited by concentrations of
colchicine as low as 107 %M.  Therefore,
substances are present in the lesion of acute
gouty arthritis which are both chemokinetic and
chemotactic for granulocytes. The severity of an
inflammatory reaction probably depends to some
extent on the speed with which the inflammatory
cells accumulate at and are mobilized within the
inflammatory focus. Colchicine impairment of
granulocyte chemokinesis and chemotaxis in
vitro at concentrations similar to those obtained
in vivo provide additional evidence that impaired
motility may be an important mechanism
whereby it achieves its therapeutic effect.
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