
Gut, 1981, 22, 642-647

Inhibition of leucocyte motility by drugs used in
ulcerative colitis
J M RHODES,* T C BARTHOLOMEW, AND D P JEWELLt

From the Department of Medicine, Royal Free Hospital, London

SUMMARY The effects on leucocyte motility of sulphasalazine (Salazopyrin) and its metabolites
sulphapyridine and 5 amino-salicyclic acid have been compared with those of prednisolone and
indomethacin. Sulphasalazine, its active metabolite 5 amino-salicylic acid, and prednisolone are

all potent inhibitors of leucocyte motility. Sulphapyridine and indomethacin are non-inhibitory.
Inhibition of leucocyte motility may explain why sulphasalazine and 5 amino-salicylic acid are

effective in ulcerative colitis while sulphapyridine is not. The lack of effect of indomethacin
suggests that this action of sulphasalazine does not involve inhibition of prostaglandin synthesis.

Sulphasalazine is highly effective as maintenance
therapy in ulcerative colitis1 2 and may also be
effective in Crohn's disease. It is largely split by
the colonic flora into two metabolites, 5 amino-
salicylic acid and sulphapyridine. Sulphasalazine
and 5 amino-salicylic acid are therapeutically
effective when given as enemata, while sulpha-
pyridine is not.; It has therefore been suggested
that the salicylate component of sulphasalazine
might be working by inhibiting prostaglandin syn-
thesis. Certainly, sulphasalazine has been shown
to do this, both in vitrol' 7 and in vivo.,'s However,
indomethacin, an even more potent inhibitor of
prostaglandin synthetase, and salicylates other
than 5 amino-salicylic acid, have been tried in
ulcerative colitis without success.10'12
The acute inflammatory mucosal infiltrate of

ulcerative colitis can be compared with that found
in an experimental Arthus reaction. Neutrophil
depletion1' 14 and drug-induced inhibition of neu-
trophil chemotaxisl' have both been shown to
prevent injury in experimental Arthus reactions.
Prednisolone is a potent inhibitor of neutrophil
chemotaxis and it seems possible that in ulcerative
colitis the beneficial effects of both corticosteroids
and sulphasalazine may be due, at least in part,
to suppression of leucocyte motility.
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Received for publication 28 January 1981

Methods

CELL ISOLATION
Twenty millilitres of venous blood (heparin 5 u/
ml) were obtained from healthy subjects, sedi-
mented with Dextran 110 in 0 9% sodium chloride,
and the supernatant centrifuged on a Ficoll-
Hypaque gradient.';

Neutrophils were obtained from the cell pellet
(purity >95%) and mononuclear cells from the
interface (monocytes >60% by peroxidase stain-
ing). The cells were suspended in Gey's medium
containing 1 mg/ml pure human serum albumin
(Behringwerke) and corrected to a final concen-
tration of 2X10'; cells/ml using an improved Neu-
bauer chamber (Weber).

D R U G S
Pure preparations of prednisolone sodium phos-
phate, sulphasalazine, 5 amino-salicylic acid, sul-
phapyridine, and indomethacin were studied. Drug
stock solutions in Gey's medium were made on the
morning of test and corrected as necessary to
pH7.2 using 0.05 M Tris/HCI bufler. The drug
under test was added to both cell suspension and
chemotactant so as to give the same final drug
concentration above and below the filter. Seven
serial dilutions of each drug were studied.

C H E M OTAX 1 S AN D RAN DO M
M O T I L I T Y A S S A Y S
The modified Boyden chamber assay described by
Wilkinson17 was used. 3 ji pore diameter filters
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(Millipore) were used for neutrophil chemotaxis
and 8 y pore diameter for monocyte chemotaxis.
Chemotaxis was directed towards casein 4 mg/ml
(Sigma). Random motility was assayed in the pres-

ence of purified human serum albumin (Behring-
werke) 1 mg/ml. Cells from the same population
suspended in the presence and absence of test
drug were tested simultaneously. Neutrophil
chemotaxis and random motility were allowed to

proceed for 40 minutes and 75 minutes respectively,
monocyte chemotaxis, and random motility for
two hours. They took place in a humidified incu-
bator containing 5% CO., ait 370C. Each filter was

then fixed, stained, and mounted and the distance
moved by the leading cell front was measured in
five randomly selected high power fields using the
micrometer focusing adjustment of a Leitz SM
microscope. Each assay was run in triplicate so

that each result represents the mean of 15
observations.

Results for drug inhibition of both random
motility and chemotaxis were expressed as:

Percentage inhibition= 100-
/distance (,t) moved by cells in presence of drug

distance (gu) moved by cells in absence of drug

X 100)

REVERSI BILITY

Reversibility of the drug effects was assessed in a

separate experiment by incubating aliquots of
leucocytes in drug solutions for one hour at 370C
before assay. One half of each aliquot was then
washed three times in Gey's medium before assay

of random motility, while the other half was kept
in the drug solution during the assay.

V I A B I L I T Y

Cell viability was measured after incubation for
one hour in the test drug solution. It was tested
by both trypan blue dye exclusion and by measure-

ment of membrane chloride gradient.
Membrane chloride gradient was measured

using the method of Baur et al.'1 Three 05 ml

aliquots of each cell.suspension were taken. The
first was incubated for 10 minutes at 370C with
2.5 ,uCi :IH,O/ml and the cells then separated from
the supernatant by centrifugal filtration through
silicon oil. Both the cell pellet and supernatant
were then counted on a Phillips PW4530 scin-
tillation counter after addition of 10 ml NE260
scintillation cocktail (Nuclear Enterprises Ltd).
The intracellular water volume of the cell pellet

was then calculated. The second aliquot was in-
cubated for 10 minutes at 370C with 0 5 ,tCi 14C
dextran/ml and the cell pellet separated and
counted as before. The adherent water was then
calculated. The third aliquot was incubated for
10 minutes at 370C with 0.5 tCi 3'Cl /ml at 370C
and the cell pellet again separa,ted and counted.
The intracellular chloride concentration was then
calculated making allowance for the chloride con-
tent of the adherent water.

Results were then expressed as:
percentage change in membrane chloride gradient

=100-
( chloride gradient of cells incubated with drug
chloride gradient of cells incubated without drug

X 100)%

Results

The distances moved by control leucocytes in the
absence of test drug were as follows:
Neutrophil random motility 46-4 ,u+4 9 (standard
error), neutrophil chemotaxis 78.4 ,u+10.0, mono-
cyte random motility 450 ±+46, monocyte
chemotaxis 122-4 ,u+8.7.
Dose response curves were plotted for the per-

centage inhibition of leucocyte motility caused by
serial dilutions of each test drug (Figs. 1 and 2).
By interpolation from these curves the drug con-
centrations required for 50% inhibition of neutro-
phil chemotaxis were sulphasalazine 2.51 mmol/l
(100 mg/ml), 5 amino-salicylic acid 32.7 mmol/l
(5.01 mg/ml), and prednisolone 1[45 mmol/l
(0 70 mg/ml). Sulphapyridine caused no signifi-
cant inhibition at 40 mmol/l (10.0 mg/ml), a con-
centration considerably greater than that which
may occur in the colon of patients treated with
sulphasalazine.<' Indomethacin caused no signifi-
cant inhibition at a concentration 0-028 mmol/l
(001 mg/ml) greater than that required to cause
100% inhibition of prostaglandin synthesis.20
Higher concentrations of indomethacin caused cell
lysis.

Similar drug concentrations produced inhibition
of monocyte chemotaxis and inhibition of random
motility of both neutrophils and monocytes.
Again, both sulphapyridine (40 mmol/l; 10.0 mg/
ml) and indomethacin (0.028 mmol/l; 0.01 mg/mI)
had no effect (Table 1).
The above experiments were performed on leu-

cocytes from a single healthy subject. To exclude
an idiosyncratic response of these leucocytes, drug
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100 (a) = Sulphasalazine
(b) = 5 amino-salicylic acid (c)
(c) = Prednisolone

80 (d) = Sulphapyridine (a)
*(e) = Indomethacin (b)

c60
0

0.001 o.01 O. 1 1. 10 100
Drug concentration (m molill)

Fig. I Drug inhibition of neu-trophil chemotaxis. *Cell lysis occurred at indomethacin concentration.s of
0-28 mmolll and abFove.

100 (a) =Sulphasalazine
(b) = 5 amino-salicytic acid (b)
(c) =Prednisolone (a)

80 (d) =Sulphapyridine
*(e) = Indomethacin A (C)

-c:60

- 40

20

0 d)(d)

0.001 0.01 0.1 1.0 10 100
Drug concentration (m moil/)

Fig. 2 Drug inhibition of neutrophil random motility. *Cell lysis occurred at indomethacin concentrations of
0 28 mmol/l and above.
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Table 1 Drug concentrations causing 50% inhibition of leucocyte chemotaxis and random motility

Neutrophil Monocyte

Chemotaxis Random motility Chemotaxis Random motility
(mmol//) (mglml) (mmol/l) (mg/ml) (mmol/l) (mg/ml) (mmol/l) (mg/ml)

Sulphasalazine 2-51 1-00 1-63 0-65 0-54 0-22 1-75 0.70
5 amino-salicylic acid 32-70 5-01 19-60 3.00 18-50 2-83 29 00 4-44
Prednisolone 1-45 0-70 2-48 1-20 0-52 0-68 0-68 0.33
Sulphapyridine No effect at 40 mmol/1 (10.00 mg/ml)
Indomethacin No effect at 0-028 mmol/1 (0-01 mg/ml)

concentrations similar to those required for 50%
inhibition of random motility were then tested on
leucocytes obtained from another four healthy
subjects (two male and two female). Indomethacin
was tested again at 0.028 mmol/l (0.01 mg/mi)
and sulphapyridine at 4 mmol/l (10 mg/ml). Sul-
phasalazine 1.6 mmol/l (0.64 mg/ml) caused a
mean inhibition of random neutrophil motility of
67% (range 58 to 78%), 5 amino-salicyclic acid
(19.6 mmol/l; 3 mg/ml) caused 94% inhibition
(range 92 to 96%), prednisolone 2 mmol/l (097
mg/ml) caused 50% inhibition (range 39 to 65%)
sulphapyridine (4 mmol/l; 1.0 mg/mi) caused only
1% inhibition (range -4 to 11%) and indometha-
cin (0028 mmol/l; 001 mg/ml) minus 8% (range
-22 to 5) (Table 2).
To establish whether the drugs tested might

simply be having a direct toxic effect, neutrophils
incubated for one hour in the same drug con-
centrations were assessed for viability. Trypan

Table 2 Inhibition of random motility of neutrophils
from four healthy subjects

Drug concentration % Inhibition

(mmol/l) (mg/ml) Mean Range

Sulphasalazine 1-6 0-64 67 58-78
5 amino-salicylic acid 19-6 3.0 94 92-96
Sulphapyridine 4-0 1-0 1 - 4-11
Prednisolone 2-0 0-97 50 39-65
Indomethacin 0 028 0-01 - 8 -22- 5

Table 3 Effect of drug.s tested on neutrophil
membrane chloride gradient

Drug concentration Change in
tested chloride gradient
(mmol/l) vs control cells

(%,)
Prednisolone 2-0 + 7.0
Sulphasalazine 1-6 + 10-7
5 amino-salicylic acid 19 6 -141 6
Sulphapyridine 4-0 - 18-3
Indomethacin 0-028 + 10-7

blue dye exclusion was greater than 95% in each
case. Membrane chloride gradient in the presence
of all test drugs except 5 amino-salicylic acid was
within 18% of the chloride gradient of the control
cells incubated in Gey's medium (Table 3). The
cells incubated in 5 amino-salicyclic acid showed
an apparent change in chloride gradient of
-142%. This was probably partly an artefact
caused by some of the 5 amino-salicylic acid pre-
cipitating out, but some damage to the cell mem-
branes cannot be excluded.
Another experiment was performed to deter-

mine whether the inhibitory effects of the drugs
studied were reversible. Aliquots of neutrophils
were incubated for one hour at 370C in the pres-
ence of sulphasalazine 1[6 mmol/l (0.64 mg/ml),
5 amino-salicylic acid 19.6 mmoljl (3 mg/mI), and
prednisolone 2 mmol/l (0.97 mg/mi). An ad-
ditional aliquot was incubated in Gey's medium
as control. After incubation half of each aliquot
was washed three times in Gey's medium and all
aliquots were then set up in the random motility
assay. As expected, the unwashed cells showed
inhibition of random motility by prednisolone
2 mmol/l (81% inhibition+SE 2.0), sulphasalazine
1[6 mmol/l (91% inhibition+SE 1.3), and 5
amino-salicylic acid 19.6 mmol/l (95% inhibition
+zSE 098). Cells that had been washed after in-
cubation for one hour in 5 amino-salicylic acid re-
gained normal motility (0% inhibition-+-SE 1[55)
as did those that had been washed after incubation
in prednisolone (20% inhibition+SE 1.29). How-
ever, the motility of cells that had been washed
after incubation in sulphasalazine remained in-
hibited (88% inhibition+SE 0.93).

Discussion

Sulphasalazine, 5 amino-salicylic acid, and pred-
nisolone are shown to inhibit leucocyte random
motility and chemotaxis. Their action is not cell
specific, for both neutrophils and monocytes are
similarly affected. The effect of 5 amino-salicylic
acid, like that of prednisolone, is reversed by
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washing the cells, suggesting that it is very un-
likely to be due to a direct toxic effect on the
cells. The effect of sulphasalazine is not reversible,
so that it may result partly from a toxic effect,
although cell membrane function is not apparently
impaired. In the assay system used here chemo-
taxis (directional movement of cells) cannot be
clearly distinguished from chemokinesis (altered
speed of movement of cells), although casein, the
attractant used, is known to cause true chemo-
taxis.21 However, similar drug concentrations are
required to inhibit both random motility and
chemotaxis, which suggests that the effect of the
drugs on chemotaxing cells is due to reduced
speed of cell movement rather than any specific
effect on directional motility.
The inhibition of leucocyte motility by sul-

phasalazine and 5 amino-salicylic acid, but not by
sulphapyridine, corresponds well with the relative
therapeutic effects of these compounds. These
findings differ from those recently reported by
Molin and Stendahl22 who found that sulphasala-
zine and sulphapyridine inhibited leucocyte migra-
tion under agarose, while 5 amino-salicylic acid
did not. This discrepancy may perhaps be due to
their use of the agarose plate assay system, which
is much less affected by changes in leucocyte de-
formability and therefore arguably less analogous
to the situation in vivo. There are also problems
with the use of 5 amino-salicylic acid in in-vitro
cell culture systems, as it is unstable at physio-
logical pH and the longer incubation period re-
quired in the agarose plate assay may lead to
greater degrada'tion of the drug. Furthermore, 5
amino-salicylic acid is not very soluble and tended
to precipitate out during the filter chamber assay
reported here. The true concentration of drug in
solution may therefore be considerably lower than
that quoted by Molin and Stendahl and this may
also account for the fact that sulphasalazine ap-
pears in our study to be a stronger inhibitor of
motility than 5 amino-salicylic acid. Precipitation
of 5 amino-salicyclic acid during the filter assay
did not in itself appear to cause any significant
mechanical obstruction to the leucocytes, as, even
at inhibitory drug concentrations, a large pro-
portion of the cells had migrated beyond the
lowest observable drug precipitates.
The concentrations of sulphasalazine and 5

amino-salicylic acid required for inhibition of leu-
cocyte motility are many times greater than those
which are found therapeutically in plasma but are
similar to those found in the faeces of treated
patients."' Previous work suggests that the effect
of sulphasalazine is largely due to the high drug

levels that occur in the colon.4 It therefore seems
quite likely that inhibition of leucocyte motility
will occur locally in the colonic mucosa of patients
receiving the drug. Molin and Stendahl also re-
ported that sulphasalazine causes reduced neutro-
phil phagocytosis and superoxide production,22 so
that its therapeutic action may be the result of
suppression of several aspects of neutrophil func-
tion. Prednisolone also is only inhibitory in vitro
at much grealter concentrations than those occur-
ring therapeutically in ViVO,23 although the concen-
trations which occur locally in patients receiving
prednisolone enemata may well be inhibitory.
This study shows that indomethacin has no

effect on leucocyte motility at concentrations
greater than those required completely to inhibit
prostaglandin synthesis and this has also been
reported by others.24 25 This implies that the in-
hibition of leucocyte motility caused by sulphasala-
zine is medialted by some mechanism other than
inhibition of prostaglandin synthesis. As the two
published trials of indomethacin in ulcerative
colitis have been negativel' 11 it also seems likely
that the therapeutic action of sulphasalazine is
independent of prostaglandin synthesis inhibition.
If this is so, then inhibition of leucocyte motility
may well be its mechanism of action.

We should like to thank Pharmacia (UK) and
Merck, Sharp and Dohme (UK) for supplying
pure drug preparations, JMR was supported by the
Stanley Thomas Johnson Foundation.
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