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Introduction. The anthelmintic drug
levamisole  (1-2,3,5,6-tetrahydro-6-phen-
ylimidazo-[2,1b]-thiazole-hydrochloride) has
effects on phagocytes in vitro. We have
demonstrated that monocytes incubated
with levamisole have increased cytoplasmic
spreading, chemotaxis, phagocytosis of bac-
teria, and activity of plasma membrane re-
ceptors for immunoglobulin (IgG) and com-
plement (C3) (1). Levamisole was also
shown to alter alveolar macrophage mor-
phology and receptor activity (2). Recently
levamisole has been found to increase ran-
dom locomotion, stimulated random migra-
tion, and chemotaxis of neutrophils (3, 4).
Levamisole is also the first agent to correct
the defect in chemotaxis in vitro of neutro-
phils from patients with hyperimmunoglob-
ulin E syndrome (4). Because of the increas-
ing clinical importance of this agent (5), we
decided to further investigate its influence
on the morphology, bactericidal activity,
oxygen consumption, glucose oxidation, ni-
troblue tetrazolium (NBT) reduction, and
chemiluminescence of neutrophils from nor-
mal subjects and patients with chronic gran-
ulomatous disease (CGD).

Materials and methods. Investigation was
approved by the Human Volunteers Com-
mittee of the University of Minnesota.
Blood was obtained from normal subjects
and two patients with well-documented
CGD (6, 7). Techniques used to prepare
neutrophils (8), bacteria (8), or serum (9)
and to evaluate neutrophil morphology (1),
bactericidal (8), and metabolic (6, 7, 10,
11) activity have all been reported in detail.
Initially, the final concentration of levami-
sole ranged from 10 to 500 ug/ml. Concen-
trations greater than 200 ug/ml of levami-
sole in buffered Hanks’ balanced salt solu-
tion produced an acid solution which was
toxic to neutrophils. The majority of studies
were done with 100 wg/ml. This is also the

concentration which has produced optimal
effects in prior investigations (3, 4).

Results. Morphology. Electron micro-
scopy of control neutrophils and monocytes
incubated with levamisole revealed large
numbers of vacuoles (Fig. 1). Vacuoles
were observed at final concentrations of
levamisole which ranged from 10 to 100
ug/ml. Vacuoles also occurred in neutro-
phils and monocytes from patients with
CGD.

Bactericidal activity. In contrast to find-
ings for monocytes, levamisole-induced
neutrophils showed no difference in phago-
cytosis of S. aureus when compared to con-
trols. Bactericidal activity of control neutro-
phils preincubated in 10 to 100 wg/ml lev-
amisole was not different from that of un-
treated neutrophils (Table I). Similar con-
centrations of levamisole did not improve
the decreased bactericidal activity of neutro-
phils from patients with CGD.

Metabolism. Measurements of oxygen
consumption or [1-*C]glucose oxidation
showed no difference between levamisole-
treated neutrophils and controls (Tables 1I
and III). Reduction of NBT on slides by
endotoxin-stimulated neutrophils preincu-
bated in levamisole (94 * 5) was compara-
ble to that by untreated neutrophils (96 +
1.8; mean = SE). Levamisole did not in-
crease chemiluminescence of unstimulated
or stimulated neutrophils (Fig. 2). More-
over, levamisole failed to potentiate the
effects of phorbol myristate acetate (PMA)
on neutrophil metabolism.

Discussion. Levamisole has been demon-
strated to alter neutrophil chemotaxis pre-
sumably by maintaining intracellular cyclic
GMP levels (3, 4). In the present study we
found no significant effect of levamisole (10
to 100 ug/ml) preincubation on neutrophil
bactericidal activity, oxygen consumption,
glucose oxidation, NBT reduction, or chem-
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Fi6. 1. (A) Neutrophil from normal donor incubated with levamisole (10 ug/ml) for 1 hr. Frequent vacuoles
are present in the cytoplasm. X 22,500. (B) Higher magnification of neutrophil incubated with levamisole as in
(A) showing cytoplasmic vacuoles. X 56,250.
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TABLE 1. BAcTerICIDAL AcTIvITY OF PMN PREINCUBATED WITH LEVAMISOLE (100 pg/ml) For 1 hr.

S. aureus killed in 60 min

Control PMN
Test conditions

CGD PMN

(bacteria to PMN

Without levami-

ratios) Without levamisole With levamisole sole With levamisole
1.25:1 80 £ 8 (11)° 82 (3) 28 (2) 18 (2)

12.5:1 60 = 14 (10) 67 (3) 7.3 (2) 530)

50:1 37 £ 14 (6) 29 (3) 3.8(2) 1.2(2)

¢ Mean = SD (N).

iluminescence. Neutrophils from CGD pa-
tients were also unaffected by levamisole.
Morphologic studies did, however, demon-
strate that cytoplasmic vacuolization occurs
in normal or CGD neutrophils treated with
levamisole. These findings are similar to
those observed with human monocytes and
rabbit alveolar macrophages (1, 2). The
extent of vacuolization observed, however,
was less than that which occurred with PMA
(7). The present study affirms that the prin-
cipal effects of levamisole on neutrophil
function may be limited to its ability to

TABLE II. OxyGeN CONSUMPTION OF PMN
PREINCUBATED WITH LEVAMISOLE (100 wg/ml) For

1 hr.
O, consumed/hr/4 x 108
PMN (ul)
Control PMN

Without With lev-

Test conditions levamisole amisole

Unstimulated 2.4 (3)° 29(3)

Stimulated (bacteria to
PMN ratios)

1.25:1 6.3 (3) 6.2(3)
12.5:1 7.5(3) 8.2 (3)
50:1 21 (3) 19 (3)
PMA (0.1 upg/ml) 23 (3) 19 (3)

¢ Mean (N).

improve random locomotion and chemo-
taxis (3, 4, 12, 13). However, more com-
plete knowledge of the effects of this im-
munopotentiating agent is important, since
levamisole is being utilized in clinical trials
4, 5).

Summary. In previous studies the ant-
helmintic agent, levamisole hydrochloride,
has been shown to alter function of mono-
cytes and macrophages as well as to increase
random locomotion and chemotaxis of neu-
trophils. In the present investigation we
have extended knowledge about this poten-
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Fi6. 2. Chemiluminescence of neutrophils prein-
cubated with 10 and 100 ug/ml of levamisole (O) or
HBSS (@). Neutrophils were tested in the presence of
4% serum and 50 heat-killed S. aureus per cell at 37°C.

TABLE III. GLucose OXIDATION BY PMN PREINCUBATED WiTH LEVAMISOLE (100 pg/ml) For 1 hr.

cpm [1CO,)/4 x 10 PMN/20-min incubation

Control PMN

CGD PMN

Without levami-

Test conditions Without levamisole with levamisole sole With levamisole
Unstimulated 240 = 67 (8)° 74+ 47 (8) 87 £21(4) 123 =31 (4)
Stimulated (bacterial to

PMN ratios)

1.25:1 644 * 229 (10) 535 =128 (8) 113 £ 20 (4) 140 = 8 (4)
12.5:1 807 = 46 (10) 804 + 51 (8) 103 (2) 92 (2)
50:1 1911 + 206 (10) 1433 + 194 (10) 171 £ 48 (4) 225 £ 62 (4)
PMA 5095 = 561 (10) 3840 = 555 (8) 308 £ 37 (4) 199 = 46 (4)

2 Mean = SE (N).
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tially clinically useful agent. We found that
in the optimal range of doses used in prior
studies, levamisole produces vacuole for-
mation but does not alter bactericidal activ-
ity, oxygen consumption, [1-*C]glucose ox-
idation, nitroblue tetrazolium reduction, or
chemiluminescence of neutrophils from nor-
mal subjects. We have also demonstrated
that levamisole has no effect on neutrophils
from patients with chronic granulomatous
disease. The results suggest that the major
effects of levamisole on neutrophil function
relate to its ability to improve random loco-
motion and chemotaxis.
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