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Neutrophil chemotaxis in rheumatoid arthritis
Effect of D-penicillamine, gold salts, and levamisole

ALASTAIR G. MOWAT

From the Rheumatology Unit, Nuffield Orthopaedic Centre, Headington, Oxford OX3 7LD

SUMMARY The effect of therapeutic concentrations of D-penicillamine, sodium aurothiomalate, and
levamisole on in vitro neutrophil chemotaxis and random migration in normal subjects and patients
with rheumatoid arthritis was studied. D-penicillamine produced no changes. Sodium aurothiomalate
produced dose-related reductions in chemotaxis in normal subjects and in patients who had a good
clinical response to gold therapy, while patients who had failed to respond to gold showed a minimal,
nondose dependent reduction. Levamisole produced dose-dependent stimulation of chemotaxis, a

greater effect being found with the patients cells. Neutrophil chemotaxis improved to normal values
in most patients responding to several months of D-penicillamine treatment but showed an immediate
and marked stimulation in patients treated with levamisole.

An important function of the neutrophil leucocyte is
the phagocytosis and digestion of foreign and dead
material. There are several stages in the movement
of the neutrophil from the blood vessel towards such
material in the extravascular space, including:
(1) sticking to the endothelial lining of the vessel;
(2) emigration through the vessel wall; (3) accumula-
tion in the immediate extravascular space; (4) che-
motactic movement towards the attractant;
(5) phagocytosis; (6) digestion of the material.
Although essentially a beneficial function, in

patients with rheumatoid arthritis phagocytosis of
immune complexes may lead to cell death and the
release of lysosomal enzymes (Hollander et al., 1965;
Zucker-Franklin, 1966; Rosenthal et al., 1976).
In patients with rheumatoid arthritis vasculitis
could theoretically effect the earlier stages of neutro-
phil movement from the blood vessel into the
extravascular space or synovial joint cavity but this
has not been investigated. However, in such patients
there may be an impairment in phagocytosis attri-
buted to the prior ingestion of immune complexes
(Turner et al., 1973), while abnormal results have
been recorded with the nitroblue-tetrazolium reduc-
tion test, probably reflecting changes in phagocytosis
and cell digestion (Segal, 1974). Neutrophil chemo-
taxis is also abnormal and the impairment can be
attributed, at least in part, to the prior ingestion of
immune complexes (Mowat and Baum, 1971;
Roberts-Thomson et al., 1976).
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No correlation between chemotaxis and measures
of disease activity, such as the erythrocyte sedimenta-
tion rate (ESR) and the articular index, has been
found and in the large number of patients studied to
date no relationship between chemotaxis and stan-
dard nonsteroidal anti-inflammatory drug therapy
has been noted (Mowat and Baum, 1971; Mowat,
1976). D-penicillamine and gold salts are established
drugs in the treatment of rheumatoid arthritis while
the promising initial findings with the antihelminthic
drug levamisole (Schuermans, 1975; Huskisson et al.,
1976) has led to further clinical studies. These drugs
have a comparable clinical effect, both in quality and
speed of onset, although the exact mode of action of
the drugs is unknown. Since changes in neutrophil
function could produce changes in cellular and
immunological reactions in patients with rheumatoid
arthritis, their effect upon neutrophil chemotaxis and
random migration has been studied.

Materials and methods

The controls (20 males, 28 females) with a mean age
of 52 years (range 20-81 years) were medical and
laboratory staff and patients with no intercurrent
disease and on no drug therapy awaiting minor
orthopaedic surgery. The patients with rheumatoid
arthritis (28 males, 79 females) with a mean
age of 54 years (range 22-77 years) all had
seropositive classical or definite disease. All were
receiving one or more nonsteroidal anti-inflammatory
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2 A. G. Mowat

drugs. No patient was receiving corticosteroid
preparations and except where stated below, no
patient was receiving gold salts, penicillamine,
levamisole, antimalarial or immunosuppressive
agents.

Since earlier studies have shown that neutrophil
chemotaxis is not dependent upon the age and sex
of the subject, nor, in patients with rheumatoid
arthritis the duration and severity of the disease or
the titre of rheumatoid factor, exact matching of
patient and control groups was not done (Mowat
and Baum, 1971; Mowat, 1976).
For the tests with penicillamine, the neutrophils

from 12 normal controls, from 19 patients with
rheumatoid arthritis treated with the drug (Dista-
mine, Dista) for periods ranging from one day to 4
years with daily doses ranging from 250 mg to 2 g,
and from 17 other patients with rheumatoid arthritis
were used. Standard chemotactic measurements of
neutrophils untreated with the drug were also
undertaken on 8 patients, immediately before and
after periods of penicillamine therapy ranging from
2 to 10 months. In 6 of these patients treatment had
produced definite clinical improvement, shown by a
fall in ESR and articular index and improvement in
clinical indices such as morning stiffness, grip
strength, and proximal interphalangeal joint circum-
ference.
For the tests with gold salts the neutrophils from

18 normal controls, from 8 patients who had failed
to respond to gold therapy, from 12 patients who had
had a clear clinical response to gold (as shown by the
criteria listed above), and from 20 patients who had
never received gold therapy were used.
For the tests with levamisole the neutrophils from

9 normal controls and 10 patients, untreated with
the drug, were used. Standard measurements of
neutrophils untreated with the drug were also
undertaken on 8 patients before and during the
initial weeks of treatment with levamisole (Janssen);
the drug being given on the first 3 days of the week
in a dose of 50 mg/day in week one, increasing to
150 mg/day in the third and subsequent weeks.
Random migration and neutrophil chemotaxis

were measured by the method of Baum et al. (1971).
The neutrophils from 10 ml peripheral blood were
sedimented and concentrated by the addition of 2%
methyl cellulose. Aliquots of the cell suspension were
diluted with Hanks's solution or the drug solutions
described below and deposited on a 3 ,um millipore
filter using a cytocentrifuge. The filter was enclosed
in a Sykes-Moore tissue culture chamber. The cells
were evenly distributed on the filter and the presence
of the test drugs did not cause cell aggregation or
cause the cells to become nonadherent to the filter.
The upper compartment of the chamber was filled

with Hanks's solution for the standard chemotactic
tests and the preincubation drug studies and filled
with the drug solutions described below for the
standard tests of drug effects. The lower, attractant
compartment was filled with Hanks's solution for
the tests of random migration and for the chemotac-
tic tests with a mixture of casein (5 mg/ml) and
standard AB serum, stored in aliquots at -70°C, as a
source of complement. After 3 hours' incubation at
37°C the filter was removed, stained, and mounted.
The number of cells in the upper and lower layers of
10 random areas of the filter were counted using
standard areas in the microscope eyepiece reticule.
The chemotactic index= [number of cells (attractant
side)/number of cells (starting side)] x 1000. Dupli-
cate chambers were used and showed a mean
variability of 7% in the index.

Pure D-penicillamine powder (Dista), sodium
aurothiomalate (Myocrisin, May and Baker), and
levamisole powder (Janssen) were dissolved or
diluted in Hanks's solution in concentrations of
1000, 100, 10, and 1 ,ug/ml (104,jg/ml added for
levamisole) without significantly altering the pH of
the solutions. These solutions were added to the
upper compartments of the tissue culture chambers.
In a smaller number of cases the cells were pre-
incubated with these drug solutions for 1 hour at
37°C before being centrifuged onto the millipore filter
and enclosed in the chambers without washing or the
addition of further drug. The results of drug treat-
ment are expressed as a percentage of the index
found for untreated cells tested at the same time.

Statistical significance was measured using
Student's t test.

Results

D-PENICILLAMINE
The results found with 3 hours' incubation with
penicillamine are given in Table 1. There was no
alteration in the chemotactic index for any patient
group at any drug concentration. Similarly, as shown
in Table 2, there was no alteration in random migra-
tion. A concentration of 100lg/ml represents the
approximate plasma concentration expected with a
daily dose of 1 g penicillamine. The results found
with one hour's preincubation witn penicillamine are
listed in Table 3 and are quite different to those in
Table 1; showing significant (P<0 01) impairment
in chemotaxis at both drug concentrations. The
intergroup differences are not significant.
The results of standard chemotactic tests in

patients before and after several months of penicilla-
mine therapy are listed in Table 4. The post-treat-
ment chemotactic indices are significantly (P<0 01)
higher but the indices could not be correlated with
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Neutrophil chemotaxis in rheumatoid arthritis 3

Table 1 Neutrophil chemotaxis: effect of3 hours' incubation with penicillamine

Chemotactic indices (mean±SEM) % basal value

Subjects (n) Penicillamine concentration (tLg/ml)
Basal

103 102 10 1

Normal control (9) 551±15 96+10 97±6 101+9 103±7
RA treated (15) 364+12 104±8 99±7 104±8 100±8
RA untreated (13) 345±18 101±9 103±5 103±8 97±9

Table 2 Random migration: effect of 3 hours' incubation with penicillamine

Random migration indices (mean±SEM) % basal value

Subjects (n) Penicillamine concentration (pg/ml)
Basal

103 102 10 1

Normal control (9) 130+6 101±3 98±3 99±4 98±3
RA treated (15) 126±8 100±4 96±7 98±5 98+4
RA untreated (13) 127±8 99±5 102±4 102±5 97±5

Table 3 Neutrophil chemotaxis: effect of l-hour
preincubation with penicillamine in other studies with this method. Normal controls

Chemotactic indices (mean±SEM) % basal value had approximately dose-related impairment in
chemotaxis, while there was a similar but significantly

Subjects (n) D-penicillamine concentration (ig/ml) (P<001 at each concentration) less marked dose-

103 102 related change in the patients who had never received
gold. The patients showing a clinical response to

Normalcontrol (4) 565±i:10 39±+5 62±+6
RA treated (5) 501±8 63 ±15 85±8 gold had a similar but less closely dose-related
RAuntreated (7) 432±10 39±3 69±5 reduction in chemotaxis to that found in normal

subjects. The reduction was significantly (P<001)
less marked at drug concentrations of 1000 and

changes in the ESR or articular index. In general, 10l g/ml but was not different (0-5 <P<0s2) at the
clinical improvement was associated with a higher other two drug concentrations. However, the reduc-
index, although Case 4 showed a lower index and tions were significantly (P<001 at each concentra-
Case 1 had only a minor rise in an index which was tion) greater than those found with the neutrophils
already within the normal range. of patients who had never received gold therapy.

Patients who failed to respond to gold therapy
GOLD SALTS showed only a modest, nondose dependent, reduc-
The results found with gold are listed in Table 5. tion in chemotaxis. Preincubation ofneutrophils with
Although the mean normal chemotactic indices are gold salts for one hour showed similar reductions in
on the low side and the results for the rheumatoid chemotaxis but the values were approximately 60%
subjects show a greater scatter than was found with of those found with the standard 3-hour incubation
penicillamine, the results are within the ranges found period (Table 6).

Table 4 Neutrophil chemotaxis: pre- andpost- penicillamine therapy
Chemotactic index

Case no. Penicillamine mean dose (mg)/months Clinical Response
Pre Post

1 500 520 750 mg/4 Good
2 266 520 750 mg/2
3 386 470 750 mg/8
4 285 155 1000 mg/9
5 320 520 750 mg/10
6 318 560 1000 mg/10
7 250 530 1000 mg/8 Fair
8 457 435 1000 mg/5 Poor
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4 A. G. Mowat

LEVAMI SOLE
The results found with levamisole are listed in
Table 7. The drug caused less inhibition (P<0 01) of
chemotaxis at a concentration of 104 ,ug/ml and
greater stimulation (P<0 01) at the four lower
concentrations of the patient's neutrophils compared
with those of normal controls, particularly at
therapeutic concentrations (10-100 ,g/ml), when
the chemotactic indices of the patient were raised to
be within the normal range.

Preincubation of neutrophils with levamisole for
one hour showed similar stimulation of chemotaxis
at drug concentrations of 1000-10lOg/ml but the
values again reached only 60% of those found with
the standard 3-hour incubation period (Table 8).

However, at a concentration of 104 Fg/ml pre-
incubation for one hour completely inhibited sub-
sequent chemotaxis, an effect that was not due to
cell death as assessed by eosin staining. Random
migration of neutrophils from both patients and
normal controls was unaffected by all five concentra-
tions of levamisole in the standard 3-hour test
(Table 9).
The mean results of standard chemotactic tests in 8

patients before and during the initial weeks of
levamisole therapy, before any clinical benefit was
apparent, are listed in Table 10. Levamisole was
given on days 1, 2, and 3 each week in an increasing
dose over the first 3 weeks when the patient was
stabilised on 150 mg/day. A marked improvement

Table 5 Neutrophil chemotaxis: effect of 3 hours' incubation with gold salts

Chemotatic indices (mean±SEM) % basal value

Subjects (n) Gold concentration (pg/ml)
Basal

103 102 10 1

Normal controls (18) 471+22 39±6 54±6 59+8 69±8
RA untreated (20) 441±32 68±8 73±7 77±6 86±5
RA gold response (12) 398±46 47±7 56±6 70±5 72±7
RA no gold response (8) 323±33 88±13 88±9 89 ±9 85±8

Table 6 Neutrophil chemotaxis: effect of 1-hour preincubation with gold salts

Chemotatic indices (mean± SEM) % basal value

Subjects (n) Gold concentrations (jlg/ml)
Basal

103 102 10 1

Normal controls (10) 490±18 64±6 68±6 76±7 82±7
RA untreated (10) 402±26 80±7 83±8 87±8 91±7
RA gold response (8) 388±40 70±5 73 ±6 82±7 84±8
RA no gold response (8) 323±33 93±10 94±9 95±8 94±8

Table 7 Neutrophil chemotaxis: effect of3 hours' incubation with levamisole

Chemotactic indices (mean± SEM) % basal value

Subjects (n) Levamisole concentrations (tg/ml)
Basal

104 103 102 10 1

Normals (9) 517±35 28±4 122±15 118±8 102±8 89±8
Rheumatoid arthritis (10) 409±41 56±5 166±20 162±24 122±12 106±6

Table 8 Neutrophil chemotaxis: effect of 1-hour preincubation with levamisole

Chemotactic indices (mean±SEM) % basal value

Subjects (n) Levamisole concentrations (jsg/ml)
Basal

104 103 102 10 1

Normals (7) 520±30 0 112±10 108±9 101±9 93±6
Rheumatoid arthritis (7) 388±32 0 140±11 136±10 112±8 104±6
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Neutrophil chemotaxis in rheumatoid arthritis 5

Table 9 Random migration: effect of 3 hours'
incubation with levamisole

Mean random migration indices

Subjects (n) Levamisole concentrations (jg/ml)
Basal

104 103 102 10 1

Normals (4) 151 148 147 151 149 150
Rheumatoid

arthritis (4) 130 132 128 129 130 132

Table 10 Neutrophil chemotaxis and random migration
in 8 patients treated with levamisole

Mean indices

Chemotaxis Random migration

Initial 430 138
Week 1 day2 818 191

day 5 783 207
Week 2 day 2 876 259

day 5 722 195
Week 3 day 2 865 261

day 5 735 199

in the chemotactic index was found after 2 days'
treatment each week (day 2), the value being similar
for each patient each week despite an increasing
drug dosage and representing a significant (P<0-01)
improvement beyond the normal range not only for
rheumatoid subjects but also for controls. By day 5,
some 36 hours after the last dose of levamisole, the
chemotactic index had shown a slight fall. There
were similar changes in the random migration of
neutrophils (Table 10).

Discussion

These results show a clear difference in the effect of
the three drugs on in vitro neutrophil chemotaxis.
Since the drugs produce comparable clinical effects
both in quality and speed of onset in patients with
rheumatoid arthritis, it seems unlikely that the
mechanisms of action of all three are dependent
upon changes in neutrophil chemotaxis.

In the standard in vitro system penicillamine does
not alter chemotaxis or random migration of
neutrophil leucocytes. However, preincubation of
the neutrophils for one hour with penicillamine
produces significant impairment in chemotaxis, the
results being comparable to those found with the
same concentrations (1000 and 100 ,tg/ml) of sodium
aurothiomalate. Chwalinska-Sadowska and Baum
(1976) found a similar impairment of neutrophil
chemotaxis with no effect upon random migration
using a similar 1-hour preincubation method, but
these authors also noticed significant enhancement

of chemotaxis at a drug concentration of 12-5 mg/I,
a value that is likely to be at the lower limit of that
found in the serum of patients receiving 500-1000
mg/day of penicillamine. Clearly the interpretation
of these differing results is open to argument. The
results are surprising since the same studies with gold
salts and levamisole show the same trend with a less
than optimum result with preincubation compared
with 3-hour incubation. In the patients the neutro-
phils will be constantly exposed to the drugs, albeit
at varying concentrations, and thus the exposure of
the cells to the drugs throughout the study period
appear to resemble more closely the in vivo situation
than one hour ofpreincubation.

Defective neutrophil chemotaxis in vivo may arise
due to intrinsic defects in the leucocyte, either
familial or acquired, and these have been shown in a
number of conditions including rheumatoid arthritis
(Mowat and Baum, 1971). Several drugs have been
implicated in causing such defects, including
chloroquine and corticosteroids (Ward, 1966) and
patients receiving these drugs have been excluded
from this study. Other standard antirheumatic
agents have not been implicated. Defects may also
arise due to familial or acquired abnormalities in the
complement system while inhibitors against both the
leucocytes or chemotactic factors have been des-
cribed (Ward, 1972; Gallin, 1975; Keller et al., 1975;
Miller, 1975). Thus it is possible to find either similar
defects in several functions of one cell type or several
cell lines similarly affected, for instance by a cell
poison, or a specific defect in one cellular function
with other cellular activities being unaffected. The
standardised in vitro method used here eliminates a
number of possible mechanisms, in particular many
of those relating to the complement system and its
inhibitors, such as have been described for gold
salts (Schultz et al., 1974), as standard AB serum
rather than the patients serum is used. In vivo a wide
range of chemoattractants including complement
components and immune complexes may be present.
This study has used the standardised generation of
complement components by casein as the chemo-
attractant but comparable results have been found
using E.coli endotoxin and immune complexes
(Baum, 1975).

Since penicillamine did not alter neutrophil
phagocytosis or ,B-glucuronidase release after phago-
cytosis, Chwalinska-Sadowska and Baum (1976) did
not postulate an alteration in cellular metabolism as
the cause for the chemotactic changes but suggested
that the drug might produce a dose-dependent
inhibition of the proesterase found in the cell
membrane which is essential for activation of
chemotaxis (Becker, 1975). The different results with
different incubation methods could reflect changes in

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/ard.37.1.1 on 1 F
ebruary 1978. D

ow
nloaded from

 

http://ard.bmj.com/


6 A. G. Mowat

competition for activation of the proesterase, the
effect of penicillamine being overcome in the
presence of chemotactic components. Chwalinska-
Sadowska and Baum (1976) also excluded inter-
ference with the complement system as the
mechanism of action of penicillamine. Further,
penicillamine may have altered the cells' responsive-
ness by producing changes in potassium, calcium, or
magnesium ion concentration. Lastly, in some tissue
culture systems the results with penicillamine have
been shown to be unreliable due to binding with
cystine. However, the time course of these experi-
ments is much shorter than that normally associated
with such inhlbitory changes (Kendall and Hutchins,
1976).
The changes noted in neutrophil chemotaxis in

patients treated for some months with penicillamine
are consistent with the finding that there is some
improvement in the rheumatoid disease, although
this improvement in chemotaxis correlates more
closely with a feeling of well-being than with changes
in the erythrocyte sedimentation rate or articular
index (unpublished observations). Thus it cannot be
concluded from these studies that penicillamine
produces its clinical effect by a change in neutrophil
chemotaxis and the mechanism of action of the drug
remains unknown (Mowat and Huskisson, 1975).

However, gold salts do affect neutrophil chemo-
taxis, the percentage impairment being similar in
normal controls and in those patients with rheuma-
toid arthritis who responded to gold therapy, while
the results in those patients who had never received
gold suggests that the group included both those who
would and would not show a drug effect. The
concentrations of sodium aurothiomalate were
chosen in the knowledge that in treated patients
serum and probably synovial fluid concentrations of
gold are between 1 and 10lOg/ml (Rubinstein and
Dietz, 1973; Billings et al., 1975; Lorber et al., 1975),
while mean synovial tissue concentrations in
patients on maintenance therapy reach 20 Vg/ml
(range 1-76 ,ug/ml) (Grahame et al., 1974). Baum
(1975) has reported that gold salts do not affect
neutrophil chemotaxis but no details of the drug
used or its concentration were given. A similar
reduction in the phagocytic activity of human
macrophages has been shown by Jessop et al. (1973),
when the changes also seemed to correlate with the
clinical response to treatment.
How gold salts produce these changes is unknown.

Since they are known to inhibit a variety of enzymes
they may simply alter the metabolism of neutrophils
and other cell lines in a nonspecific manner and this
is reflected in comparable percentage impairment of
neutrophil chemotaxis in both normal controls and
successfully treated patients. However, the inter-

group differences suggest a specific mechanism rather
than a general effect upon cell metabolism or com-
plement activity. It is perhaps of greater interest to
speculate on why patients who did not respond to
gold therapy showed only a minor impairment in
chemotaxis. The results suggest that the metabolism
of these rheumatoid neutrophils has been inherently
altered and that the cells are no longer susceptible to
the metabolic effects of gold salts. Although there is
some scatter in the results, the findings suggest that
changes in neutrophil chemotaxis in the presence of
gold salts may allow selection of suitable cases for
treatment with these drugs.

Levamisole, a potent antihelminthic drug, appears
to have immunostimulatory properties. In conven-
tional animal models and skin tests the drug has no
anti-inflammatory activity but stimulates cells,
notably the macrophage, involved in immunological
responses (Lancet, 1975; Huskisson et al., 1976;
Trabert et al., 1976). It has been suggested that the
drug, often in critical concentrations, may stimulate
several cell types by activation of common enzyme
pathways (Pabst and Crawford, 1975). Levamisole
increases phagocytosis (De Cree et al., 1974) and
consistently increases the chemotactic responsiveness
of neutrophils from patients with defective leucocyte
motility (Hill and Quie, 1975). Anderson et al. (1976)
have shown in vitro stimulation of chemotaxis of
neutrophils from normal controls incubated with
1O- 3 and 10- 4 mol/l concentrations of levamisole
with significant inhibition with a concentration of
10-2 mol/l. The percentage stimulation of chemo-
taxis described here is consistent with these earlier
results since a concentration of 10 000 Vg/ml
levamisole is equivalent to 4-15 x 10-2 mol/l. How-
ever, no alteration in in vitro random migration was
noted although Anderson et al. (1976) have shown
moderate stimulation in normal controls.
The relatively small numbers of cells completely

penetrating the filters in random migration studies
inevitably makes the method less sensitive to change
than it is with chemotaxis studies. Anderson et al.
(1976) suggest that levamisole increases intracellular
levels of cyclic 3,5-guanosine monophosphate
thereby sustaining microtubular assembly and
enhancing cell motility. These suggestions are consis-
tent with the findings that in patients treated with the
drug there was a prompt improvement in chemotaxis
and random motility, and, indeed, with chemotaxis
the full effect was seen in the first week of treatment,
an increasing drug dose producing no improvement.
The maximum change in random migration occurred
during the second week.
The relevance of these studies to the effect of the

drugs in vivo is difficult to determine. Skin window
studies show a poor correlation with in vitro tests of
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neutrophil function (Miller, 1975). The explanation
may be that such techniques together with studies of
the cellular inflammatory response to the implanta-
tion of polyurethane sponge in animals (Woodland
et al., 1977) measure the final effect of several
different stages in neutrophil movement from the
blood vessel toward an attractant in the extra-
vascular space.

It is postulated that in patients with rheumatoid
arthritis phagocytosis by neutrophils of the immune
complexes in the synovial fluid, and perhaps in the
serum and other fluids, leads to cell death and the
release of lysosomal enzymes. Chemotaxis is an

essential preliminary to phagocytosis. It is simpler to
imagine that the impaired chemotaxis produced by
gold salts leads to a reduction in the rate of destruc-
tion of immune complexes and the subsequent
release of inflammatory enzymes than it is to imagine
that the increased neutrophil activity induced by
levamisole can be beneficial. However, it is possible
that in the longer term the sustained attempts by the
neutrophils to remove immune complexes are

successful and lead to a comparable clinical response.
Sequential examination of joint fluids could provide
the answer.

The author acknowledges the expert technical assist-
ance of P. Brooks, Esq, and thanks Dr M. Fisher,
Oxford Regional Blood Transfusion Service, for the
provision of fresh AB serum, Dr W. H. Lyle of
Dista for D-penicillamine powder, and Dr J. G.
Adams ofJanssen for levamisole powder; and Mrs S.
Strudwick for typing the manuscript.
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