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Cellular phagocytic studies in rheumatoid arthritis
patients treated with levamisole
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SUMMARY A simple method is described which allows sequential monitoring of the endocytic
activity of blood and synovial fluid cells from rheumatoid arthritis patients undergoing therapy
with levamisole. Evidence of immediate (24 hour) and long-term (5-7 weeks) cellular phagocytic
enhancement is presented.

Endocytosis is a property common to both poly-
morphonuclear leucocytes and mononuclear
phagocytes-cells which are known to play a central
and critical role in acute and chronic inflammation
respectively' and hence also in acute exacerbations of
the underlying chronic disease process in rheumatoid
arthritis (RA). Rheumatoid synovial aspirates
represent one of the relatively few sources of such
human inflammatory cells amenable to direct study
(i.e., without resort to prior disaggregation
techniques) and have the additional advantage that
they offer the possibility of sequential sampling with
minimal invasive trauma. However, the design of
appropriate techniques for the subsequent isolation
and functional characterisation of these cells has to
be sufficiently flexible to accommodate extensive
individual variation in terms of sample yield and
cellularity. Concomitant blood samples, processed in
parallel, permit comparison of local and systemic
cellular endocytic capacity during the course of
inflammatory disease progression and/or response to
therapy.

Levamisole has been shown to be effective in the
treatment of RA2 and is thought to be capable of
exerting an influence upon various fundamental
aspects of the cell-mediated immune process,
including endocytosis.3 The present report describes
a pilot study initiated to investigate the endocytic
activity of cells isolated from the blood and synovial
exudates of patients with RA undergoing therapy
with levamisole.
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Correspondence to Dr K. M. Wynne, Immunology Division,
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Materials and methods

PATIENTS AND CONTROLS
Before starting levamisole treatment patients with
definite or classical RA by the American Rheumatism
Association's criteria4 were stabilised on an optimal
anti-inflammatory regimen which was maintained
throughout the course of the studies.

Short-term study. Twelve RA patients and 12 age-
and sex-matched controls (11 nonrheumatoid
patientsand 1 normal healthy donor) received 150 mg
levamisole over a 24-hour period.
Long-term study. Fifteen RA patients received

either continuous (150 mg/day) or intermittent
(150 mg/day on 3 consecutive days/week) levamisole
therapy as part of a double-blind trial of drug-
treatment schedules reported previously.5 Retro-
spective analysis revealed that random allocation had
resulted in 8 patients in the continuous, and 7 in the
intermittent, treatment groups respectively. Five RA
patients receiving anti-inflammatory but not
levamisole therapy served as controls.

Clinical assessment. Clinical measurements made
included pain,6 duration of morning stiffness,
articular index,7 joint size,8 erythrocyte sedimenta-
tion rate, complement (C3), immunoglobulins
(IgG, IgA, and IgM), latex test for rheumatoid
factor, and antinuclear factor. Assessments were
made at 0, 3, 6, 9, 12, and 18 months.

BLOOD AND SYNOVIAL FLUID SAMPLES
Paired blood samples were obtained from all
patients and controls, and in addition paired
synovial fluid samples were obtained from 5 patients
in the long-term study (4 in the continuous and 1 in

382

 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.40.4.382 on 1 A
ugust 1981. D

ow
nloaded from

 

http://ard.bmj.com/


Cellular phagocytic studies in rheumatoid arthritis patients treated with levamisole 383

the intermittent treatment groups respectively) who
presented with effusions. Samples were taken
immediately before the beginning of levamisole
treatment and at the appropriate interval thereafter,
i.e., 24 hours (short-term study) or 5 to 7 weeks
(long-term study).

Blood samples. 10 ml blood samples were anti-
coagulated with 10 U/ml preservative-free heparin
(Weddel Pharamaceuticals, London ECIA 9HY), the
erythrocytes were sedimented at room temperature
and unit gravity for 1-2 hours, and the supernatant
plasma and cells collected carefully.

Synovialfluid samples. Synovial fluid was aspirated
by the anteromedial route of entry into the knee
joint9 under sterile precautions throughout. Amounts
obtained varied between 2 and 20 ml, and heparin
was added immediately to give a final concentration
of 10 U/mI. Synovial aspirates were processed in
parallel with the cell rich plasma from the corres-
ponding blood sample.

SAMPLE PREPARATION AND
PHAGOCYTIC ASSAY
Slide chamber preparation. Triplicate microwells were
constructed by using beeswax to cement 14 mm
diameter plastic rings (Millipore UK, London
NW1O 7SP) on to glass microscope slides precoated
with Formvar resin (Polaron, London N3 IXH).

Sample preparation. All preincubation sample
manipulations were conducted at 40C. Each sample
of either synovial aspirate or cell rich plasma was
divided into 2, one portion being centrifuged at
3000 g for 15 minutes to remove the cells, while a cell
count was performed on the remainder. Then the
leucocyte concentration in the uncentrifuged portion
was adjusted to an arbitrary value of 2 5 x 106/ml
by diluting with cell free autologous synovial fluid or
plasma as appropriate. 2 ml of the standardised cell
suspension were diluted 1:1 with ice-cold medium
199 (Flow Laboratories, Irvine KA12 8NB) con-
taining antibiotics (penicillin 100 U/ml and strepto-
mycin 100 pg/ml-Glaxo Laboratories, Greenford
UB6 OHE) and heparin (10 U/mI), and a 0-1 ml
aliquot of a 1/200 dilution of polystyrene latex
particles (Dow 1*01 ,um diameter-Micro-Bio
Laboratories, London SW6 3DX) in phosphate-
buffered saline (PBS) was added to give a particle:
cell ratio of approximately 10:1. After thorough
mixing, the suspension was seeded into slide
chambers in a random fashion, sealed with Mylar
film (Becton-Dickenson UK, Wembley HA9 OPS)
and incubated for 1-4 hours at 370C to allow the
cells to phagocytose the latex particles (LP) and
attach to the substrate.

Phagocytic assay. After the appropriate incubation

time the Mylar film was removed, the microwells
were rinsed thoroughly with warm PBS to remove
unattached cells and LP, and the adherent cell
monolayers were fixed in Bouin's fluid and stained
with either haematoxylin or Giemsa. Then the
plastic rings were removed, and coverslip prepara-
tions were made and examined under a 'Universal'
microscope and an oil immersion x 100 objective
(Zeiss (Oberkochen), London WIP 8AP). Cells were
classified on morphological grounds as either,
mononuclear (MN) or polymorphonuclear (PMN),
and scored for presence or absence ofLP. A minimum
of 500 cells per well, i.e., 1500 cells per triplicate
determination, were scored. On occasions individual
particle counts were performed to determine the
phagocytic index, i.e., the mean number of LP per
cell. The term phagocytic capacity was used to
describe the proportion of cells showing phagocytic
activity in a particular population, i.e., the %
cellular uptake of LP. The figures for phagocytic
'shift' were derived as follows: post-treatment
phagocytic capacity value minus pretreatment
phagocytic capacity value equals phagocytic 'shift'
value for a particular individual. Mean 'shift' values
(and standard deviations) for each group of patients
were calculated from the constituent individual
values in the normal manner.

STATISTICAL METHODS
Phagocytic capacity. A Hewlett-Packard System 45
Desktop Computer was used to perform chi-square
analyses on enumeration data; a p value of 0 045 or
less (see Table 2) was considered to be significant.
Phagocytic 'shift' values were compared by Student's
t test. Correlation coefficients were determined by
the Spearman rank test.

Results

MONOLAYER PREPARATION AND
REPRODUCIBILITY OF THE PHAGOCYTIC ASSAY
The use of Formvar as substrate proved crucial to the
preparation of adherent monolayers of well-spread
cells (Fig. 1) from unwashed suspensions of blood
and synovial fluid leucocytes. Conventional glass and
tissue-culture-treated plastics were found to be
unsuitable for this particular application, since the
cells failed to adhere firmly to these surfaces during
the relatively short (1-4 hour) in-vitro incubation
periods employed in the present study. Analysis of the
cellular composition of monolayers prepared on
Formvar substrates revealed that the mean MN
component remained relatively constant in the case
of those obtained from blood, but evidenced a slight
post-treatment increase in the case of those obtained
from synovial fluid (Table 1).
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Figs. la and b Monolayer preparations ofblood cells
incubated with latex particles for 4 hours in vitro. The
predominantly perinuclear arrangement of the latex
particles is indicative of actual endocytosis rather than
nonspecific surface adsorption, an observation which can

be confirmed at the scanning electron microscope level.
(Haenmatoxylin, x 540).

Table 1 MN component of monolayers prepared on
Formvar-coated glass

Pretreatment Posttreatment*

Whole patient Blood 12*73% 12-18%
group (n=15) (6-88) (4-21)

Range: Range:
4-50-31-31% 4-80-23-04%

Patients presenting Blood 13-22% 13-20%
with effusions (10-20) (5-85)
(n=5) Range: Range:

6-69-31-31% 8-38-23-04%
Synovial 19*81% 27-32 %
fluid (18-61) (26-62)

Range: Range:
3-60-44-68% 5-02-70-20%

*6-8 weeks' levamisole therapy. Mean values (+ standard deviations)
are derived from triplicate determinations involving a total of 1500
cells.

Table 2 gives the values obtained for percentage
cellular uptake of LP when blood cells from 2
individual donors were tested on 3 consecutive days,

Table 2 Three-day determination of blood cell
phagocytic capacity

Donor A Donor B

MN PMN MN PMN

Day 1 77-04% 59*73% 74-66% 45*78 %
(5-97) (2-64) (7.17) (0-73)

2 76-75% 56-25% 71-73% 42-58%
(3-00) (4-66) (6-22) (2-84)

3 86-22% 55-04% 77-85% 47- 10%
(4.78) (2.09) (6*85) (3.85)

p value 0-1618 0-0459 0.2625 0.0506

Figures represent the % cellular uptake of latex particles after 4 hours'
incubation in vitro. Mean (± SD) derived from triplicate determina-
tions involving a total of 1500 cells. p Values derived from chi-square
tests on original numbers of cells scored in each group.

and illustrates the degree of reproducibility of the
phagocytic assay technique employed.

EFFECT OF SHORT-TERM LEVAMISOLE
TREATMENT
Determination of blood cell endocytic capacity in
12 RA patients and 12 controls prior to the initiation
of short-term levamisole therapy revealed that there
was no difference (p>O- 1) in pretreatment phago-
cytic performance between the 2 groups. After
2 hours' incubation in vitro the mean values obtained
for percentage cellular uptake of LP were 40-40 +
12-63% (MN) and 22-03 + 15-51 % (PMN) for the
RA patients, and 36-48 ± 16-32% (MN) and
20-22 ± 11 -40% (PMN) for the controls. There was
thus no evidence of suboptimal or depressed
phagocytic capacity in the rheumatoid group.

Short-term levamisole therapy of 24 hours'
duration was found to have a detectable effect on
blood cell function peculiar to each group (Table 3).
In the rheumatoid group phagocytic capacity was
significantly increased in approximately one-half of
the patients (5/12, i.e., 42% in the MN, and 6/12, i.e.,
50% in the PMN categories respectively) and the
overall phagocytic 'shift' values (mean alterations in

Table 3 Alterations in the phagocytic capacity of
blood cells from RA patients and controls undergoing
short-term (24-hour) treatment with levamisole

MN PMN

Phagocytic Phagocytic Phagocytic Phkgocytic
capacity 'shift' capacity 'shift'
+ 0- + 0-

RApatients 5 7 0 +5-00% 6 5 1 +6-48%
(n=12) (11-44) (10-97)
Controls 1 8 3 -3*20% 0 6 6 -4*35%
(n=12) (7-56) (5-02)

p=0-05 p<0-01

+ = Significantly increased. - = Significantly decreased. 0 = un-
changed. Phagocytic 'shift': mean change in proportion of phagocytic
cells after treatment (+ SD)-see 'Materials and Methods'.

i

'il............... .1.
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the proportions of phagocytic cells calcula
the pre- and post-treatment data obtaine
12 patients-see 'Materials and method
positive. In the control group, however, a si
decrease in phagocytic capacity was observe(
(MN)-50Y% (PMN) of the individuals tes
the overall phagocytic 'shift' values were j
These differences between the RA and
groups were found to be significant at the 5
and I % (PMN) levels.

EFFECT OF LONG-TERMf LEVAMISOLE
TREATMENT
A control group of 5 RA patients receivi
inflammatory therapy alone failed to sI
significant alteration (P>O- 1) in cellular ph
capacity when tested at 0 and 5-7 weeks rest

Levamisole therapy of 5-7 weeks' c
however, was found to have a pronounced
cellular phagocytic capacity. Fig. 2 shows
and post-treatment values obtained for LP u
blood MN and PMN cells from a single pat
it can be seen that there was evidence of su
phagocytic enhancement after 6 weeks' ti
with levamisole. Both cell populations
increases not only in their proportion of ph
cells (mean phagocytic 'shift': MN + 34- 8
PMN + 43-83 %), but also in their r(
phagocytic indices, i.e., average particle load
(mean changes: MN + 1-47 and PMN + (
The results obtained for the whole groi

patients are summarised in Table 4. From tI
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Fig. 2 Effect of 6 weeks' levamisole therapy on
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Table 4 Alterations in the phagocytic capacity of blood
and synovial fluid cells fronm patients undergoing long-
term treatment with levamisole

MN PMN

Phagocytic Phagocytic Phagocytic Phagocytic
capacity 'shift' capacity 'shift'
+ 0 - + -

Whole
patient Blood 11 4 0 +18*72 % 14 1 0 + 21*71%
group(n=15) (10 37) (12-14)

Patients Blood 4 1 0 +20-94%* 5 0 0 +23-17%**
with (6*11) (10*78)
effusions (n=5)

Synovial 0 3 2 -7-08%* 2 1 2 +0.10,**
fluid (11*95) (7-31)

*p<0-0I **p<O-OI

+ = Significantly increased.- = Significantly decreased.0 = Un-
changed. Phagocytic 'shift': mean change in proportion of phagocytic
cells after treatment (± SD)-see 'Materials and m2thods'. * '*Blood
and synovial fluid phagocytic 'shift values were compared by Students'
t test.

irevnt and be seen that after levamisole therapy MN blood cell
bstantial phagocytic capacity was significantly increased in
reatment 11/15 patients (73 %), and the corresponding figure
showed for PMN cells was 14/15 (93 %), i.e., nearly all the
sagocytic patients in this instance. Phagocytic 'shift' values

i4a and were + 18-72% and + 21-71% for the MN and
es tive

a
PMN cell categories respectively. In addition it wasespective found that blood cell activity patterns in the subgroups per cell of 5 patients presenting with effusions accurately

up of 15 reflected those exhibited by the group as a whole. By
his it can way of contrast, however, the effect of levamisole

treatment on synovial fluid cells was much less
pronounced. Evidence of PMN phagocytic stimula-
tion in 2/5 patients was offset by significant phago-
cytic depression in both cell groups, and overall the
proportions of phagocytic cells remained either

POST- unchanged (PMN + 0-10%) or slightly depressed
(MN - 7-08%). Statistical comparison of the
phagocytic 'shift' values obtained for blood and
synovial fluid cells in these 5 patients revealed
significant differences in both the MN and PMN
categories (p<0-01).

PRE- Retrospective comparison of patients receiving
ITREATMENT continuous (8/15) versus intermittent (7/15) leva-

misole treatment revealed essentially no difference
(p>O- 1) between the patterns of blood cell activity
obtained in either group (Table 5). No conclusions
could be drawn as to the effect of different treatment
regimens on synovial fluid cell activity, owing to the
relatively small numbers of patients involved and
their unequal distribution between the 2 treatment

te °/, groups.
,om a
ifrom
O cells.

CORRELATION WITH CLINICAL FEATURES
Pretreatment PMN phagocytic levels correlated
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Table 5 Alterations in the phagocytic capacity of
blood and synovial fluid cells from patients undergoing
long-term treatment with levamisole (continuous vs
intermittent regimens)

MN PMN

Phagocytic Phagocytic Phagocytic Phagocytic
capacity 'shift' capacity 'shiJt'
+0 - +0 -

Continuous
Whole
patientgroup Blood 6 2 0 +18-03% 7 1 0 +20-29%
(n=8) (9 00) (13-56)

Patients presenting
with effusions

Blood 3 1 0 +21-18% 4 0 0 +22-45%
(7.03) (10-97)

(n=4) Synovial 0 2 2 -7.67% 1 1 2 -1.26%
fluid (13-71) (7-67)

Intermittent
WholepatientBlood 5 2 0 + 19-50% 7 0 0 +23-33%

group (n = 7) (12-45) (11-11)
Patients presenting

Blood 1 0 0 + 19*98% 1 0 0 +±11 03%
witheffusions Synovial 0 1 0 -4.72% 1 0 0 +5-56%
(n= I) fluid

+ = Significantly increased. - = Significantly decreased. 0 = Un-
changed. Phagocytic 'shift': mean change in proportion of phagocytic
cells after treatment (+ SD)-see 'Materials and methods'.

positively with initial ESR values (R=0-454,
p<005) and IgM (R=0-464, p<0 05) and
correlated negatively (R= -0 445, p<0 05) with the
duration of disease measured in years. No such
correlation was apparent in the corresponding MN
group. Phagocytic 'shift' values at 6 weeks failed to
show any correlation with clinical response to
therapy assessed over an 18-month period.

Discussion

The phagocytic assay employed in the present study
was designed to enable qualitative (i.e., MN/PMN
ratio) and semi-quantitative (i.e., phagocytic
capacity) data to be obtained from restricted and
sometimes highly variable numbers of cells, and in
addition it combined the advantages of simplicity
and reproducibility. However, a major limitation lay
in its inability to allow separation and individual
analysis of the humoral and cellular components of
blood and synovial fluid.

Nevertheless, a number of points of interest were
found to emerge from this pilot study. For example,
blood cell phagocytic capacity appeared to be
increased significantly in the majority ofRA patients
undergoing long-term therapy with levamisole. A
proportion of patients showed evidence of cellular
phagocytic stimulation as early as 24 hours after the

initiation of levamisole treatment, an effect which
was not found in the appropriate control group. In
addition, there was considerable disparity between
the long-term results obtained for blood and synovial
fluid cells in those patients presenting with effusions.

Cellular phagocytic stimulation associated with
levamisole treatment could have been attributable to
a direct effect of the drug on cellular function, as has
been demonstrated in a number of in-vitro test
systems employing human monocytes10 11 and
PMN.12 13 Or, alternatively, it might have been due
to an indirect effect of the drug mediated via a
reduction in circulating immune complexes (IC)
such as has been observed in RA14 and systemic
lupus erythematosus'5 patients undergoing therapy
with levamisole. Particularly in view of the fact that
IC are known to be capable of depleting complement
levels1617 and of inducing phagocytic blockage1819
under appropriate circumstances. The failure of
synovial fluid cells to respond to long-term levamisole
therapy might have been caused by the cells becoming
refractory to drug stimulation upon entering an
inflammatory site or, alternatively, could have been
indicative of local persistence of inhibitory IC in the
inflamed joint. A further possibility is that the
observable discrepancies were the result of a method-
ological artefact such as might have occurred had
there been a consistent increase in synovial fluid
viscosity on levamisole therapy and hence a possible
reduction of contact between the LP and cells in the
phagocytic test system employed.

Overall, the patterns of cellular activity which
emerged were somewhat conflicting and difficult to
interpret. For example, in the long-term study
initial PMN phagocytic capacity appeared to show
some correlation with disease state (notably with
respect to its previous duration and concomitant
clinical values for ESR and IgM). No such associa-
tion was found in the corresponding MN cell group,
and, more importantly perhaps, no difference in
initial phagocytic capacity was apparent between RA
patients and controls in the short-term study.
However, in the latter case there was a marked
difference in response to 24-hour levamisole therapy
and the positive trend in the RA group was upheld
on prolonged (5-7 weeks) levamisole treatment,
though no correlation with clinical improvement was
found.

Clearly the role of the phagocytic cell in RA merits
further attention. Evaluation and comparison of the
influence on this particular cell type of a number of
other antirheumatic drugs in addition to levamisole
could lead to a better understanding of the overall
mode of action of these drugs and ultimately to the
isolation of subsets within RA in which the
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stimulation or suppression of phagocytic activity
might prove to be of therapeutic benefit.

The authors are indebted to Dr M. K. Palmer and Dr R.
Swindell for statistical and computing advice.
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