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1 The administration of D-penicillamine (25 mg/kg) or levamisole (5 mg/kg) had no effect on leuco-
cyte emigration into the exudates formed in inert sponges implanted in normal rats.

2 In rats, previously sensitized to Bordetella pertussis and implanted with sponges containing per-
tussis vaccine, an increased leucocyte migration into the exudates occurred; this was significantly

enhanced by the administration of the drugs.

3 Neither drug in vitro affected the chemotaxis of rat polymorphonuclear leucocytes although ran-
dom migration was significantly increased by levamisole (2 pg to 1 mg/ml). Neither drug affected
the chemotaxis of rat mononuclear cells although levamisole (25 pg/ml) significantly increased that

of human monocytes.

4 Tt is concluded that both drugs produce similar effects in an animal model of delayed hypersensi-
tivity and that their clinical antirheumatic actions may have common elements.

Introduction

D-Penicillamine and levamisole are antirheumatic
drugs with a late onset of action since several months
of treatment may be required to produce an effective
clinical response. They also differ from conventional
non-steroidal antirheumatic agents in showing no
anti-inflammatory effects in animal models (Huskis-
son, Dieppe, Scott, Trapnell, Balme & Willoughby,
1975). In contrast, their administration in the rat exa-
cerbates the secondary lesions of adjuvant arthritis
and increases the response to a delayed hypersensiti-
vity caused by Bordetella pertussis vaccine (Arrigoni-
Martelli & Bramm, 1975; Dieppe, Willoughby, Hus-
kisson & Arrigoni-Martelli, 1976). Levamisole has
been reported to stimulate both humoral and cell-
mediated immune responses in man and animals
(Renoux & Renoux, 1972; Tripodi, Parkes & Brug-
mans, 1973). The drug stimulates several functions of
human monocytes in vitro including chemotaxis (Pike
& Snyderman, 1976; Schmidt & Douglas, 1976) and
in vivo restores the diminished chemotactic respon-
siveness which occurs in certain human diseases
(Wright, Kirkpatrick & Gallin, 1977). Little informa-
tion is available about the effects of D-penicillamine
on similar systems except that it has been reported
to inhibit leucocyte chemotaxis in vitro (Chwalinska-
Sadowska & Baum, 1976). In the present work we
have examined the effects of the drugs in vivo on the

emigration of leucocytes into exudates formed both
in inert sponges implanted in normal rats and in
sponges containing Bordetella pertussis implanted in
sensitized rats and their effects in vitro on the directed
migration of rat polymorphonuclear and mono-
nuclear leucocytes.

A preliminary account of some of this work has
been published (Cunningham, Ford-Hutchinson,
Smith & Walker, 1978).

Methods

Female albino Wistar rats (150-200 g) were obtained.
from Oxfordshire Laboratory Animal Colonies, 1976,
Ltd. Levamisole ((—)-tetramisole) was a gift from Dr
P. Janssen and D-penicillamine was obtained as the
free base from the Sigma Chemical Co. Bordetella per-
tussis vaccine was obtained from the Lister Institute
and was washed three times in 0.9%, w/v NaCl solu-
tion (saline) to remove preservatives before use.

Sponge implantation in the rat

The sponge implanation technique used was that de-
scribed previously (Ford-Hutchinson, Smith, Elliott,
Bolam, Walker, Lobo, Badcock, Colledge & Billi-
moria, 1975) except that each rat received four
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sponges soaked either in saline or in a suspension
of heat-killed Bordetella pertussis (4 x 10'° organ-
isms/ml) in saline. Sponges were removed after
48 h, the cells were removed from the sponge with
trypsin and total and differential cell counts per-
formed. Trypsin treatment removes all the cells from
the sponges at this time interval (Doherty, Antilla &
Dean, 1977).

Delayed hypersensitivity reaction in the rat

Rats were sensitized with pertussis vaccine and
Freund’s incomplete adjuvant (Difco) according to
the directions of Dieppe et al. (1976). The rats were
challenged 12 days later by implantation of sponges
containing pertussis vaccine. D-Penicillamine (25 and
5 mg/kg) and levamisole (5 and 1 mg/kg) were admin-
istered orally, once daily, either 48 h, 24 h and 1
h prior before sensitization or 48 h, 24 h and 1 h
before and 24 h after sponge implantation.

Polymorphonuclear leucocyte chemotaxis under agarose

The effects of p-penicillamine and levamisole on poly-
morphonuclear leucocyte chemotaxis and random
migration were assessed using migration under agar-
ose as described by Nelson, Quie & Simmons (1975).
Blood was withdrawn from rats by cardiac puncture
into a heparinized syringe (20 iu heparin/ml). Dextran
(6% w/v clinical grade, average mol. wt. 234,000) was
added to a final concentration of 19, w/v and the
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red cells were allowed to sediment at 20°C for 45
minutes. The leucocytes were collected by centrifuga-
tion at 200 g for 20 minutes. Any remaining red cells -
were removed by hypotonic lysis (0.2%, w/v NaCl for
30 s) and the leucocytes were then washed once with
saline. The cells were resuspended in Eagle’s MEM
(minimum essential medium) containing 30 mMm
HEPES (N-2-hydroxyethylpiperazine-N’-2-ethanesul-
phonic acid) buffer, pH 7.4, at a concentration of
4 x 10° white cells/ml and were incubated with con-
centrations of D-penicillamine and levamisole ranging
from 200 ng/ml to 1 mg/ml for 1 h at 37°C. The
cells were then centrifuged at 200 g for 10 min and
resuspended in medium. The cell suspension (5 pl)
containing 4.5 x 10° leucocytes was applied to wells
punched in agarose plates made up as described by
Nelson et al. (1975) except that agarose, 19, w/v
(Miles Laboratories) was made up in Eagle’s MEM
buffered to pH 7.4 with 30 mm HEPES buffer and
supplemented with 109, heat inactivated rat serum.
Heat inactivated (56°C for 30 min) rat serum was used
as a control and rat serum activated at 37°C for 1
h with 0.5 mg/ml endotoxin (E. coli lipopolysacchar-
ide, 0111:B4, Difco) followed by heat inactivation was
used as a chemotactic agent. The plates were incu-
bated at 37°C for 2 h in a humid atmosphere. The
cells were fixed and stained as described by Nelson
et al. (1975) and the distances moved by the cells were
measured with the grid on a Projectina Projecting
microscope (1 grid unit = 350 um). The chemotactic
index (the distance moved towards the chemotactic

Table 1 The effects of administration of o-penicillamine and levamisole on leucocyte migration into

sponges implanted for 48 h in the rat

A Sensitized rats Dosage
B. pertussis sponges (mg/kg)
Control -
Penicillamine® 25
Levamisole’ 5
Penicillamine? 25
Levamisole? 5
B Non-sensitized rats

Sterile sponges

Control

Penicillamine? 25
Levamisole? 5

C Non-sensitized rats
B. pertussis sponges
Control

No. of rats Total leucocyte
per group count (x10?/ul)
1 295 + 29
10 366 + 27 P < 0.05
10 340 + 34
10 367 + 36 P < 0.05
10 370 + 37 P < 0.05
15 132 + 13
15 113 + 16
15 122 + 17
5 122 + 16

Results are expressed as means + s.e. mean and compared with the control group by ¢ test.
"Drug administered 48 h, 24 h and 1 h before sensitization.
2Drug administered 48 h, 24 h and 1 h before and 24 h after sponge implantation.
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agent divided by the distance moved towards the con-
trol well) and the chemotactic differential (the dis-
tance moved towards the chemotactic agent minus
the distance moved towards the control well) were
calculated.

Monocyte chemotaxis

The effects of D-penicillamine and levamisole on
monocyte chemotaxis were assessed by the modified
Boyden chamber technique as described by Pike &
Snyderman (1976). Blood was withdrawn by cardiac
puncture from rats and monocytes were separated on
Hypaque/Ficoll gradients. The cells were incubated
for 30 min in Eagle’s MEM buffered to pH 7.4 with
30 mm HEPES buffer with drug concentrations rang-
ing from 250 ng to 250 pg/ml.

Results
Chemotaxis in vivo

The addition of Bordetella pertussis vaccine to
sponges implanted for 48 h in non-sensitized rats pro-
duced no change in leucocyte migration (Table 1).
Sensitization of the rats, followed 12 days later by
challenge with sponges impregnated with Bordetella
pertussis organisms, produced a 1419 increase in
white cell migration (P < 0.001) and the exudate was
predominantly composed of mononuclear cells (67%).

In sensitized rats the administration of D-penicilla-
mine (25 mg/kg) either before sensitization or chal-
lenge significantly enhanced leucocyte infiltration into
the sponge exudate at 48 h (Table 1). With levamisole
(5 mg/kg) this effect was only significant when the

drug was administered at the time of challenge. No
significant changes in differential cell counts were
observed between any of the groups. Administration
of D-penicillamine (5 mg/kg) and levamisole (1 mg/kg)
using the same dosage schedule produced a smaller,
nonsignificant enhancement of leucocyte migration.
In non-sensitized rats implanted with untreated
sponges the same dosage schedule of D-penicillamine
and levamisole did not affect the cellular response
(Table 1).

Polymorphonuclear leucocyte chemotaxis in vitro

The results from a typical experiment showing the’
effects of preincubation of rat polymorphonuclear leu-
cocytes with levamisole upon chemotaxis and random-
migration are shown in Table 2. An apparent effect
on chemotaxis can be seen at all doses studied. The
effect, however, was due to an increase in random
migration and no significant changes in the chemotac-
tic differentials were seen. The result was reproducible
in subsequent experiments. Similar experiments were
performed with D-penicillamine with concentrations
ranging from 20 ng/ml to 1 ng/ml. No significant
changes in the directed or random migration of cells
exposed to this drug were observed.

Monocyte chemotaxis in vitro

In contrast to the stimulatory effect of levamisole on
human monocyte chemotaxis observed by other
workers (Pike & Snyderman, 1976; Schmidt &
Douglas, 1976) and confirmed in the present work,
no significant effect of either levamisole or D-penicilla-
mine was observed on rat monocyte chemotaxis
(Table 3).

Table 2 The effects of preincubation with levamisole upon the directed and random migration of rat

polymorphonuclear leucocytes

Levamisole Directed Random Chemotactic Chemotactic
concentration migration migration index differential
Control 1.28 + 0.08 0.32 + 0.05 437 + 0.26 0.98 + 0.05
20 ng/mi 1.88 + 0.19** 0.54 + 0.07* 443 +1.03 137 £ 0.26
2 pg/ml 1.78 + 0.08** 0.68 + 0.07** 272 + 0.24** 1.10 + 0.09
20 pg/mi 1.66 + 0.07 056 + 0.01** 3.05 + 0.18** 0.94 + 0.20
100 pg/mi 1.78 + 0.15*" 0.70 + 0.12** 2.84 + 0.33*" 1.08 + 0.09
1 mg/ml 1.92 + 0.07** 0.80 + 0.07** 246 + 0.18*" 1.12 £ 0.09

The results are expressed as means + s.e. mean with 12 determinations for the control value and 6
for each of the drug concentrations and were compared by the t test. The results for directed mlgrauon
random migration and chemotactic differential are expressed as divisions on the Projectina microscope

grid (1 grid unit = 350 pum).
*P < 0.05; **P < 0.01.



122

Discussion

Neither D-penicillamine nor levamisole affected the
accumulation of leucocytes into the exudates formed
in untreated sponges implanted subdermally in the
rat when the drugs were administered at time inter-
vals ranging from 48 h before to 24 h after implan-
tation. Other non-steroidal antirheumatic agents,
such as aspirin and indomethacin, produce significant
inhibitions of leucocyte emigration in this model
(Walker, Smith & Ford-Hutchinson, 1976). This find-
ing agrees with the results of other workers (Huskis-
son et al., 1975) that D-penicillamine and levamisole
do not exhibit anti-inflammatory actions in conven-
tional animal models. When the rats were sensitized
by an initial injection of pertussis vaccine and im-
planted subsequently with sponges containing the
vaccine there was an increased accumulation of leuco-
cytes in the sponge exudates at 48 hours. The leuco-
cyte emigration was further enhanced by the adminis-
tration of D-penicillamine either at the time of sensiti-
zation or at sponge implantation and by the adminis-
tration of levamisole during the latter period. Similar
results have been reported in a related animal model
in which the emigration of leucocytes into the pleural
space was measured (Dieppe et al., 1976).

The mechanism of this effect of both drugs has not
been established. One possibility is that their adminis-
tration directly stimulates the chemotaxis of polymor-
phonuclear and mononuclear leucocytes into the
sponge exudates. Despite the finding that levamisole
stimulates human monocyte chemotaxis in vitro
(Table 3; Pike & Snyderman, 1976; Schmidt &

F.M. CUNNINGHAM, AW. FORD-HUTCHINSON, A.M. OLIVER, M.J.H. SMITH & J.R. WALKER

Douglas, 1976) neither drug produced significant
effects on rat leucocyte chemotaxis in vitro or into
untreated sponges implanted subdermally in the rat
in vivo. This therefore cannot be the explanation for
the increased leucocyte accumulation observed in
exudates from drug-treated sensitized rats. The target
for the drugs could either be the lymphocytes respon-
sible for the expression of the delayed hypersensitivity
response or bone marrow derived monocytes which
act as accessory cells in reactions of this type (Turk,
1975). In this context both drugs have been shown
in vitro to stimulate rat lymph node cells to mitosis
and to potentiate their response to mitogen (concana-
valin A). Levamisole has been reported to stimulate
lymphocytes directly whereas the involvement of mac-
rophages is essential for the stimulatory action of
D-penicillamine  (Arrigoni-Martelli, Binderup &
Bramm, 1977). ’

A second query is the possible relation of the effects
of the drugs in the pertussis sponge model to their
other actions. There is considerable evidence that ad-
ministration of levamisole stimulates both humoral
and cell-mediated immune responses but there is little
evidence that either D-penicillamine shares these
properties or that these effects relate to the antirheu-
matic actions of the drug. However, the present work
shows that both levamisole and D-penicillamine can
produce similar effects in an animal model of delayed
hypersensitivity suggesting that their overall antirheu-
matic action may have common elements.

Our thanks are due to Dr P. Janssen, Janssen Pharmaceu-
tica, 2340 Beerse, Belgium for a gift of Levamisole.

Table 3 The effects of preincubation with levamisole and p-penicillamine upon rat and human monocyte

chemotaxis

D-penicillamine

Drug concentration rat monocytes

Medium alone 216 +1.2

250 ng/ml 195 + 14

25 pg/mi 193 + 11

25 pg/ml 199 +19

250 pg/ml 243 + 31

Random migration

(no chemotactic factor) 21 + 05*

Levamisole Levamisole
rat mono- human mono-
cytes cytes

224 +15 447 + 26.
269 +13 —
177 £+ 1.8 519 + 2.7
189 +1.0 60.9 + 2.9
269 + 1.2 —_

27 + 05* 208 + 1.6

Results are expressed as the average number of monocytes in 10 experiments migrating completely through
a 5.0 um polycarbonate filter per oil immersion field (x1200) + s.e. mean.

* P < 0.001 compared with medium alone.
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