ANTIMICROBIAL AGENTS AND CHEMOTHERAPY, Apr. 1981, p. 495-503

0066-4804/81/040495-09$02.00/0

Vol. 19, No. 4

In Vitro And In Vivo Effects of Dapsone on Neutrophil and
Lymphocyte Functions in Normal Individuals and Patients
with Lepromatous Leprosy
R. ANDERSON,'* E. M. S. GATNER,;’ C. E. van RENSBURG,' G. GRABOW,' F. M. G. H. IMKAMP,?

S. K. KOK,? aND A. J

. vaN RENSBURG!

Immunology Section, Department of Medical Microbiology, Institute of Pathology, University of Pretoria’;
Tuberculosis Research Institute of the South African Medical Research Council’; and Westfort Hospital,®

Pretoria, Republic of South Africa
Received 26 August 1980/Accepted 8 January 1981

The effects of dapsone on polymorphonuclear leukocyte functions and lympho-
cyte mitogen-induced transformation were assessed in vitro and in vivo in normal
individuals and in newly diagnosed untreated patients with lepromatous leprosy.
The effects of dapsone on the cell-free generation of superoxide by the xanthine:
xanthine oxidase system and iodination of bovine serum albumin by horseradish
peroxidase were also investigated. In normal individuals dapsone mediated stim-
ulation of polymorphonuclear leukocyte migration in vitro and in vivo. Dapsone
had no effects on postphagocytic hexose monophosphate shunt activity or super-
oxide generation in vitro, but caused slight inhibition of peroxidase-mediated
protein iodination in vitro and in vivo and hexose monophosphate shunt activity
in vivo. Similar effects were found in patients with lepromatous leprosy. Dapsone
also decreased the inhibitory activity of serum from patients with lepromatous
leprosy on normal polymorphonuclear leukocyte migration in vitro. Progressive
loss of serum-mediated inhibition of migration was observed after ingestion of
dapsone by the patients. Further experiments showed that stimulation of poly-
morphonuclear leukocyte motility was related to inhibition of the peroxidase-
H:0.,-halide system in vitro. The drug caused inhibition of lymphocyte transfor-
mation at high concentrations in vitro, but had slight stimulatory activity on

phytohemagglutinin-induced transformation in controls and patients in vivo.

The precise therapeutic mechanism of dap-
sone (4,4’-diaminophenyl sulfone) in the treat-
ment of leprosy is unknown (14). In vitro exper-
iments with other bacteria have shown that the
chemotherapeutic agent has sulfonamide-like
antimicrobial properties and causes inhibition of
the enzyme dihydropteroic acid synthetase (13).
However, it seems unlikely that this is the only
mechanism (if it is indeed a true in vivo mech-
anism) since dapsone has been reported to have
beneficial effects in non-mycobacterial diseases
such as dermatitis herpetiformis (9), generalized
pustular psoriasis (19), and leukocytoclastic vas-
culitis (27) and in some cases of rheumatoid
arthritis (26) and Crohn’s disease (23). The ef-
fects of dapsone therapy observed in these con-
ditions may relate to the anti-inflammatory ac-
tivity of the drug (22).

We have recently reported that commence-
ment of dapsone therapy in newly diagnosed
patients with lepromatous leprosy was associ-
ated with a progressive recovery of polymorpho-
nuclear leukocyte (PMN) motility and increased
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lymphocyte responsiveness to mitogens (2). In
view of these findings we undertook a study to
investigate the in vitro and in vivo effects of
dapsone on PMN functions and lymphocyte
transformation in normal individuals and pa-
tients with lepromatous leprosy.

MATERIALS AND METHODS

Patients. Sixteen new untreated leprosy patients
(4 borderline, 2 subpolar, and 10 with lepromatous
leprosy [LL]) were classified by the clinical and his-
topathological criteria of Ridley and Jopling (16). All
patients showed negative skin tests to lepromin. Ri-
fampin therapy was withheld for 1 week to assess the
effects of dapsone therapy (100 mg daily) alone. For in
vivo studies cellular immune functions were performed
before dapsone therapy, 2 h after ingestion of a single
oral dose of 100 mg of dapsone, and after 1 week of
ingestion of a single oral daily dose of 100 mg of
dapsone.

Control subjects. Normal adults were used to
assess the duration of dapsone effects on neutrophil
and lymphocyte functions after the ingestion of a
single oral dose of 100 mg of dapsone. Tests of cellular
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function were performed before dapsone intake and at
2, 24, and 48 h after the ingestion of the drug.

Dapsone. Dapsone was partially dissolved in the
appropriate suspending medium according to the cell
function being assessed, and its effects over a concen-
tration range of 0.01 uM to 100 mM were investigated.

PMN functions: studies of motility. PMN were
obtained from heparinized venous blood (5 U of hep-
arin per ml) and were resuspended to a final concen-
tration of 6 X 10°/ml in N-2-hydroxyethylpiperazine-
N’-2-ethanesulfonic acid (HEPES; Sigma Chemical
Co., St. Louis, Mo.)-buffered Hanks balanced salt so-
lution (GIBCO Laboratories, Grand Island, N.Y.) sup-
plemented with 0.05% bovine serum albumin after
hypotonic lysis of residual erythrocytes with 0.84%
ammonium chloride as previously described (3).

Two leukoattractants were used: (i) EAS, namely,
fresh autologous serum activated with 100 ug of bac-
terial endotoxin (Escherichia coli 0127:B8; Difco Lab-
oratories, Detroit, Mich.) per ml, which was diluted
eightfold with Hanks balanced salt solution before use;
and (ii) the synthetic chemotactic tripeptide, N-for-
myl-L-methionyl-L-leucyl-L-phenylalanine (f-met-leu-
phe; Miles Laboratories Inc., Elkhart, Ind.), which was
used at a final concentration of 0.5 uM (previously
found to be the optimal leukotactic concentration).

In random migration systems the leukoattractant
was replaced with an equal volume of Hanks balanced
salt solution (0.8 ml). The various dapsone concentra-
tions were added to PMN before assessment of motil-
ity and remained in the cell compartment throughout
the incubation period. The final PMN concentration
in all studies of migration was 3 X 10°/ml. The assays
of motility were performed in modified Boyden cham-
bers (25) with membrane filters (5-um pore size, Sar-
torious-membranfilter, Gottingen, West Germany)
and a 2-h incubation period. The results are expressed
as the number of cells which have completely tra-
versed the filter as cells per microscope high-power
field as an average of triplicate filters.

Serum inhibition studies. For investigation of the
effects of dapsone in vitro and in vivo on the migration
inhibitory effects of serum from patients with LL, 10%
heat-inactivated normal or LL serum was added to
PMN in the cell compartment of the Boyden chamber.

Leukotactic potential of the test agent. For
determination of whether dapsone possessed intrinsic
leukotactic potential, stimulatory concentrations were
placed above and below the filter to give positive and
negative gradients and chemokinesis systems for each
drug concentration in the absence of a leukoattractant.

Phagocytic studies. In studies of postphagocytic
metabolic activity the cell suspending medium used
was 0.15 M phosphate-buffered saline (pH 7.2). These
activities were stimulated by using Candida albicans
at concentrations which under our laboratory condi-
tions gives maximal stimulation of postphagocytic
metabolic activity. Pure PMN suspensions prepared
as previously described (3) and of >90% purity and
viability were used in these studies.

Hexose monophosphate shunt activity. Hexose
monophosphate shunt activity was measured by the
method of Wood et al. (28), with minor modifications
(3), by potassium hydroxide absorption of *CO, de-
rived from D-glucose radiolabeled in the 1-C position
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(New England Nuclear Corp., Boston, Mass.). The
reaction mixture contained 2 x 10° PMN (0.1 ml) and
0.1 ml of autologous serum, 10’ C. albicans cells (0.1
ml), 0.1 ml of the drug at an appropriate concentration,
and 0.6 ml of radiolabeled glucose (0.06 uCi). Incuba-
tion was for 1 h after which the reaction was termi-
nated, and CO; was released by the addition of 2 ml of
1 N HCL. After 1 h the radioactivity associated with
KOH was determined in a liquid scintillation counter.
Results are expressed as nanomoles of glucose metab-
olized per 60 min.

Measurement of H.O; production. The effects of
the drug on release of H;0, into the extracellular
medium after ingestion of opsonized C. albicans were
determined. Opsonization was performed at 4°C by
using 1 ml of fresh pooled serum per 10° organisms per
2 h. The organisms were washed twice and resus-
pended to a concentration of 5 X 10°/ml. Each exper-
imental tube contained 10’ PMN (0.2 ml), 0.1 ml of C.
albicans (to give a PMN/C. albicans ratio of 1:50),
0.1 ml of the drug at an appropriate concentration, 0.1
ml of 10 mM sodium azide, and 0.4 ml of phosphate-
buffered saline supplemented with 10 mM glucose.
Tubes were preincubated for 15 min before the addi-
tion of C. albicans. After a 30-min incubation period
the tubes were centrifuged at 5,000 X g for 10 min, and
the supernatant fluid was assayed for H;O, by the
method of Root et al. (17) by reduction of scopoletin
fluorescence. Each assay tube contained 2.5 ml of
distilled water, 50 pul of horseradish peroxidase (HRP;
type VI; Sigma) at a stock concentration of 13.8 U/ml,
20 pl of 200 uM scopletin (Sigma), and 50 ul of the cell-
free supernatant. Standard curves were constructed in
the range of 0.1 to 10 nmol of H:0, (Merck & Co., Inc.,
Rahway, N.J.). The H;0,-dependent reduction in flu-
orescence was monitored on a Perkin-Elmer model
204 Hitachi fluorescence spectrophotometer at an ex-
citer wavelength of 390 nm and an analyzer wave-
length of 460 nm. Results are expressed as nanomoles
per 10’ PMN per minute.

PMN superoxide production. Superoxide pro-
duction by PMN was assayed as described by Curnutte
and Babior (10). The reaction mixtures contained 5
X 10° PMN in 0.5 ml, 0.1 ml of preopsonized C.
albicans to give a cell/microorganism ratio of 1:50, 0.1
ml of 1 mM horse heart ferricytochrome c (cyt c; type
VI; Sigma) and 0.1 ml of the drug at an appropriate
concentration or 0.1 ml of phosphate-buffered saline
in controls. The final reaction volume was 1 ml. Tubes
were incubated on a turntable at 37°C for 45 s. (reac-
tion linear to 90 s), after which the reaction was
terminated with 1 ml of ice-cold phosphate-buffered
saline, tubes were centrifuged, and the supernatants
were assayed for reduced cyt ¢ in a Unicam SP 1700
ultraviolet spectrophotometer at 550 nm. The amount
of reduced cyt ¢ was calculated by using an absorbance
coefficient of 15.5 mM at 550 nm (12). Superoxide-
dependent reduction of cyt ¢ was expressed as the
difference in cyt c reduction between reaction mixtures
containing no superoxide dismutase (Sigma) and those
containing 200 U of superoxide dismutase per ml.

Quantitative MPO assay. Myeloperoxidase
(MPO) was assayed by the increase in fluorescence at
470 nm which accompanies the oxidation of guaiacol.
In these experiments 10° PMN (1 ml) were sonicated
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in an MSE ultrasonic disintegrator (three 20-s bursts)
at an amplitude of 10 pm peak to peak, and the
sonicate was centrifuged at 5,000 X g for 10 min. The
supernatant was used as a source of MPO, and 0.1-ml
volumes were incubated with 0.1 ml of the drug at an
appropriate concentration for 30 min. After incuba-
tion, 0.1-ml samples of the mixtures were then assayed
for MPO by the method of Paul et al. (15), with minor
modifications. The assay system consisted of 1 ml of
glycine-NaOH buffer (pH 10), 1 ml of 3 X 107> M
guaiacol, 1 ml of 1072 M H;0;, and 0.1 ml of the
reaction mixture. The rate of oxidation was measured
spectrophotometrically at 470 nm. Results are ex-
pressed as enzyme units per 10° PMN, calculated from
a standard curve in the range of 0.83 to 275 U of HRP
per ml.

MPO-mediated iodination of ingested protein.
MPO-mediated iodination of ingested protein was de-
termined by the method of Root and Stossel (18), with
minor modifications. To 0.1 ml of PMN suspension
(10’/ml) was added 0.1 ml of C. albicans cells (10°/
ml), 0.1 ml of fresh autologous serum, 0.1 ml of the
drug at various concentrations, 0.1 ml of a '*I solution
(0.6 uCi/ml) (New England Nuclear; sodium iodate),
and 0.5 ml of phosphate-buffered saline. Incubation
was for 60 min at 37°C on a turntable, after which the
extent of incorporation of '*I into acid-precipitable
protein was determined by solid scintillation counting.
Results are expressed as nanomoles of '*I in the
protein precipitate.

Effects of dapsone on the HRP-iodide-H;0.
system. To investigate the effects of the drug in a
cell-free system the effects on the HRP iodination of
bovine serum albumin were assessed. Each reaction
system contained 0.27 U of HRP, 10 umM H,0,, 0.06
1Ci of '*1, 5 mg of bovine serum albumin, and the drug
at an appropriate concentration in a total reaction
volume of 1 ml. Tubes were incubated and processed
as above for the MPO system.

Exposure of neutrophils to the HRP-iodide-
H;0: system. The effects of the HRP-iodide-H:0:
system in the presence and absence of dapsone on
neutrophil motility were investigated. PMN (3 x 10°)
in 0.5 ml were preincubated with 0.27 U of HRP, 1 uM
hydrogen peroxide, 1 mM sodium iodide, and drug at
a concentration which caused maximal stimulation of
motility in a final reaction volume of 1 ml of Hanks
balanced salt solution without bovine serum albumin.
Control systems contained no drug. The reaction sys-
tems were incubated at 37°C for 30 min, after which
the supernatants containing the reactants were re-
moved after centrifugation, and the cell pellets were
resuspended to 3 X 10° cells per ml in Hanks balanced
salt solution supplemented with 0.05% bovine serum
albumin. The differently processed neutrophils were
then tested for reactivity to EAS.

Inhibition of perioxide availability. For deter-
mination of whether dapsone bound or inactivated
H:0; the drug was incubated with 2 uM peroxide for
30 min, and the mixture was assayed for peroxide by
the reduction of scopoletin fluorescence as described
above.

Effects on the xanthine:xanthine oxidase sys-
tem. For assessing whether dapsone had superoxide
scavenging properties, the effects on xanthine:xan-
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thine oxidase-mediated reduction of cyt ¢ were as-
sessed. Each reaction system contained 1.7 mM xan-
thine, 100 uM cyt ¢, the drug at an appropriate con-
centration and 0.12 U of xanthine oxidase (Sigma;
grade 1, from buttermilk) in a reaction volume of 3 ml
of 0.05 M phosphate-buffered saline (pH 7.2). Super-
oxide-mediated reduction of cyt ¢ was assessed after 3
min (still on the linear portion of the reaction curve)
at 22°C spectrophotometrically at 550 nm.

Lymphocyte transformation. Blood for lympho-
cyte transformation studies was defibrinated and frac-
tionated by density gradient centrifugation (Ficoll-
sodium metrizoate gradients) at 400 g/25 min. The
mononuclear cell layer was removed and washed twice
in TC 199 (GIBCO) (pH 7.2) supplemented with 2 g of
HEPES per liter and 10% heat-inactivated autologous
serum. The cell suspension was adjusted to 4 x 10°
mononuclear cells per ml. Samples of 50 ul (2 X 10°
cells) were placed in wells of 5-mm Linbro tissue
culture plates (Flow Laboratories, Inc., Inglewood,
Calif.) together with 100 ul of serum-supplemented TC
199. The mitogens used in this study were phytohe-
magglutinin (Wellcome Reagents, Ltd., Beckenham,
England) and concanavalin A (Sigma), each at con-
centrations of 25 and 50 pug/ml. Mitogens were added
in 20-ul volumes to triplicate wells, and unstimulated
controls received 20 ul of TC 199. The different con-
trations of the test agent (0.01 yM to 10 mM were
added in 20-pl volumes to triplicate wells. The final
volume in each well was brought to 200 ul by the
addition of serum-supplemented T'C 199. The plates
were mixed and incubated for 48 h in a humidified
atmosphere of 3% CO: in air, 20 ul of [methyl-*H]-
thymidine (New England Nuclear) containing 0.2 uCi
was added to each well, and the plates were incubated
for a further 18 h. Harvesting was performed with a
multiple automated sample harvester (MASH-II; Mi-
crobiological Associates, Bethesda, Md.). Incorpora-
tion of [PH]thymidine was assessed in a liquid scintil-
lation spectrophotometer.

RESULTS

Calculation and expression of results.
Unless otherwise stated the results are expressed
as the mean value with standard error for each
investigation. Statistical analysis of results was
performed by using the Student’s ¢-test (¢ statis-
tic for two means). Pre-dapsone values for in
vivo studies and control systems without added
dapsone for in vitro experiments were compared
with the corresponding experimental values.

In vitro studies of PMN motility. Dapsone
at concentrations of > 0.1 mM (Fig. 1) caused
stimulation of normal PMN migration to EAS
which was statistically significant at 1, 2.5, and
5 mM, with P values of <0.05 for each concen-
tration (Student’s ¢ test for paired means). In-
hibition of migration was observed at dapsone
concentrations of >10 mM. Dapsone in vitro
caused no stimulation of PMN random migra-
tion or migration to f-met-leu-phe, and progres-
sive inhibition was observed at drug concentra-
tions of >0.1 mM (Fig. 1).
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Dapsone at concentrations found to stimulate
migration of normal PMN caused significant
stimulation of PMN from 10 patients with LL to
normal and autologous EAS. The mean PMN
per high-power field + standard errors were as
follows: without dapsone, 55.9 + 17.8; with 1 mM
dapsone, 128.8 + 19.4; with 2.5 mM dapsone,
148.0 + 22.8; with 5 mM dapsone, 153.4 + 23.3
(P < 0.01 for all values with dapsone). Further
experiments showed that incubation of normal
PMN with serum from three patients with LL
caused inhibition of migration to autologous
EAS which was eliminated by migration-stimu-
latory concentrations of dapsone. The mean
PMN per high-power field + standard errors of
three separate experiments were as follows for
PMN incubated with the following: 10% autol-
ogous serum, 185.3 + 7.9; 10% LL serum, 75.0 +
26.0; 10% LL serum with 2.5 mM dapsone, 159.7
+ 44.1; 10% LL serum with 5 mM dapsone, 159.3
+ 41.0; 10% LL serum with 10 mM dapsone,
200.3 + 23.2.

In vivo studies of PMN motility. Ingestion
of a single 100-mg oral dose of dapsone by eight
normal volunteers caused increased migration to
EAS with no detectable effects on random mi-
gration or migration to f-met-leu-phe (Table 1).
Ingestion of dapsone by the leprosy patients was

300
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accompanied by significantly increased PMN
migration to normal and autologous EAS (Table
1) and a progressive loss of the migration-inhib-
itory activity of their sera. The mean PMN per
high-power field + standard errors of sera from
three patients with LL were as follows for PMN
incubated with the following: 10% autologous
serum, 158.2 + 17.4; 10% LL serum before dap-
sone therapy, 62.6 + 19.6; 10% LL serum at 2 h
after ingestion of 100 mg of dapsone, 104.8 +
30.0; 10% LL serum after 1 week of daily inges-
tion of 100 mg of dapsone, 125.0 + 36.2. Dapsone
possessed no intrinsic leukotactic potential (data
not shown).

Phagocytosis and postphagocytic meta-
bolic activity. Dapsone at concentrations up to
10 mM had no detectable effects on the phago-
cytosis of C. albicans by normal PMN (data not
shown). Slight inhibition of hexose monophos-
phate shunt activity was observed with dapsone
concentrations of 10 mM, with a mean inhibitory
value (three experiments) of 10.1 + 1.2%. No
inhibition of PMN H,0, or superoxide genera-
tion and superoxide generation by the xanthine:
xanthine oxidase system at dapsone concentra-
tions up to 2.5 mM was observed. Investigation
of the effects of higher dapsone concentrations
on these functions was not possible, as the drug

16° 16°

DAPSONE CONCENTRATION (molar)

FiG. 1. Effects of dapsone on the migration of blood neutrophils obtained from normal adult volunteers to
autologous EAS (@——@®) and f-met-leu-phe (@-———-@) and on random motility (V——V).
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TABLE 1. Effects of ingestion of a single 100-mg oral dose of dapsone in normal adults and patients with LL®

MPO-mediated iodination (nmol of '*I precipitated)

HMS activity (nmol of 1-[**C]glucose metabolized/
60 min)

Migration to autologous EAS (PMN/HPF)*

3.

>

Before dap-

At 24 h° Before dapsone At2h At24h Before dapsone At2h At24 h

At2h°

sone
174 + 24

0.062 + 0.07 0.08 + 0.08

0.76 £+ 0.07

212 + 41 14.7 £ 0.5 139+ 038

286 + 41¢

Normal

148 £ 0.9

adults
Patients

149 +12 0.70 £ 0.06 0.58 + 0.11 0.74 + 0.08

65 + 197 38+5 155 £ 1.2 129+ 1.1

36 + 10

with LL

“ Results are expressed as the mean value with standard error obtained from eight normal individuals and 12 patients with LL. Random motility and migration

to f-met-leu-phe were unaffected.

® HPF, High-powered microscope field.
4 P < 0.05, calculated by Student’s ¢ test.

 Time after dapsone ingestion.
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per se interfered with the assay system. Dapsone
at concentrations up to 2.5 mM had no detecta-
ble H,0, binding or inactivating effects (data not
shown).

MPO- and HRP-mediated protein iodi-
nation. MPO- and HRP-mediated protein io-
dination was progressively inhibited by dapsone
at concentrations of >0.01 mM (Fig. 2). The
activity of MPO per se as assessed by the halide-
independent oxidation of guaiacol was unaf-
fected by dapsone at concentrations up to 2.5
mM with values of 29.1 + 3.1 and 26.4 + 4.3 U/
10 PMN for control and 2.5 mM dapsone sys-
tems, respectively.

Effects of the HRP-H:0;-halide system
on PMN migration to EAS. For investigation
of the possible relationship of dapsone-mediated
stimulation of PMN migration and inhibition of
the HRP-H;0;-halide system, PMN were ex-
posed to this system in the presence and absence
of migration-stimulatory concentrations of dap-
sone. The HRP-H;0.-halide system mediated
considerable inhibition of PMN migratory re-
sponsiveness to EAS. Inclusion of migration-
stimulatory concentrations of dapsone protected

, the PMN from the HRP-H;0.-halide system-

mediated inhibition of migration (Table 2).

Postphagocytic hexose monophosphate
shunt activity and MPO-mediated iodina-
tion. Postphagocytic hexose monophosphate
shunt activity and MPO-mediated iodination
were inhibited in normal individuals and leprosy
patients (Table 1) after ingestion of a single 100-
mg oral dose of dapsone. These differences did
not, however, achieve statistical significance.

Mitogen-induced lymphocyte transfor-
mation. Mitogen-induced lymphocyte transfor-
mation was unaffected by dapsone concentra-
tions of up to 0.1 mM in vitro. Concentrations of
>0.1 mM caused progressive inhibition of re-
sponsiveness to both mitogens. The mean inhi-
bition (three experiments) for 1 mM dapsone at
25 ug of phytohemagglutinin per ml was 28.3 +
5.5%. Ingestion of a single 100-mg oral dose of
dapsone was accompanied by a slight but insig-
nificant stimulation of transformation in three
patients and six healthy adult volunteers (Table
3).

DISCUSSION

We have previously reported that dapsone
therapy was associated with improved PMN
chemotaxis and mitogen-induced transforma-
tion in a group of patients with LL (2). The
relationship between dapsone therapy and im-
proved leukocyte functions was not investigated.
We suggested that it may be due to a primary
immunopharmacological effect or a secondary
effect as a result of decreased activity of serum
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inhibitors of leukocyte functions due to the an-
timicrobial activity of the drug. In the present
study we have found that dapsone causes in
vitro and in vivo stimulation of motility of PMN
from normal individuals and patients with LL.
It has previously been reported that PMN mi-
gration is decreased in patients with both tub-
erculoid leprosy and LL due to intrinsic cell

100

75

INHIBITION OF IODINATION (%)

25
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defects and serum inhibitors of leukotaxis (7, 20,
24). Dapsone in vitro and in vivo reduced the
migration inhibition activity of sera from pa-
tients with LL. The stimulation of motility by
dapsone in vitro was observed only when EAS
was used as the leukoattractant. Inhibition of
random motility and migration to f-met-leu-phe
was observed. This difference could be explained

i0* 10 10°

DAPSONE CONCENTRATION  (maolar)

Fic. 2. Effects of dapsone on MPO-H,0:-"**I-mediated iodination of ingested C. albicans (@—-—@) and

BSA (—0).

TaBLE 2. Effects of migratory-stimulatory concentrations of dapsone on inhibition of PMN migration to
autologous EAS mediated by the HRP-H.0O--halide system

Reaction system

PMN migration to autologous EAS®

PMN + HBSS
PMN + HRP
PMN + H.0; + I”
PMN + HRP + H;0. + I”
PMN + HRP + H;0; + I" + 1 mM dapsone
PMN + HRP + H:0: + I" + 2.5 mM dapsone
PMN + HRP + H;0; + I" + 5 mM dapsone

196 + 17

182 + 18

102 + 8° (P < 0.01)°
17 + 8 (P < 0.005)°

206 + 16

236 + 21

212 + 19

% Results are expressed as mean cells per high-power field + standard error of six separate experiments. Cells
were preincubated with the various concentrations of agents at 37°C for 30 min followed by washing. The
chemotactic responsiveness of the cells was tested with autologous EAS.

® The low migratory value obtained with the H;0,-1" (without HRP) may be due to MPO release from PMN.

< P values were obtained by comparing the experimental values with the control values (Student’s ¢ test).
Experimental systems containing dapsone were not significantly different from the control value.
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by the requirement of a serum factor for dap-
sone-mediated stimulation of PMN motility as
has been previously described for ascorbate (4).
Alternatively, f-met-leu-phe may cause lesser
stimulation of MPO release and H;0; production
than does EAS. In recent experiments (data not
included) we have shown that substitution of
bovine serum albumin with 5% fresh autologous
serum in the presence of stimulatory concentra-
tions of dapsone causes stimulation of neutrophil
motility. Although synthetic leukotactic pep-
tides are important in the evaluation of biochem-
ical events associated with leukocyte locomo-
tion, the present results indicate that the use of
serum-associated leukoattractants may be nec-
essary to assess drug effects.

There is a considerable difference in the dap-
sone concentrations required to stimulate neu-
trophil motility in vitro and in vivo. After inges-
tion of a single 100-mg oral dose of dapsone,
peak serum levels occur at approximately 4 to 6
h, with an average serum value of 2 pg/ml (1).
Concentrations required to cause stimulation of
neutrophil motility in vitro are approximately
100-fold greater (1 mM). This indicates that
enhancement of neutrophil migration in vivo
requires considerably less dapsone than is re-
quired to achieve the same effect in vitro. Simi-
lar findings have been reported for levamisole-
mediated stimulation of neutrophil motility in
vitro and in vivo (3).

Dapsone in vitro had no effect on phagocytosis
or superoxide and H;0, production. However,
the drug caused inhibition of postphagocytic
MPO-mediated iodination of C. albicans and
HRP-mediated iodination of bovine serum al-
bumin. This inhibitory activity was not related
to an effect on MPO per se. It is possible that
dapsone acts as a scavenger of oxidative inter-
mediates generated by the HRP-H.0.-halide
system. Stendahl et al. have previously reported
that dapsone is an inhibitor of MPO-mediated
iodination (21). These authors also reported that
dapsone in vitro had no effects on PMN migra-
tion to zymosan-activated serum, which is not in
agreement with this report. These differences
are probably due to the different concentration
ranges investigated in the two studies and the
limited sensitivity of the agarose technique used
by Stendahl et al. to measure PMN migration
(11). Inhibition of MPO-mediated iodination as
well as postphagocytic HMS activity was ob-
served in normal individuals and patients with
LL after the ingestion of dapsone. The effects on
HMS activity were unexpected since inhibition
in vitro was observed only with dapsone concen-
trations of >10 mM.

For investigation of the relationship between

At24h
49,766 + 11,404
40,521 + 8,899

At2h
61,719 + 7,645
52,711 + 12,458

Lymphocyte responsiveness to 50 ug of PHA/ml

Before dapsone
52,805 + 5,052
45,941 + 8,581

At 24 h®
63,810 + 10,980
53,819 + 9,979

Lymphocyte responsiveness to 25 ug of PHA/ml
At2h®
65,157 + 6,420
58,050 + 11,527

Before dapsone
58,790 + 5,028
54,116 + 9,884

TABLE 3. Effects of ingestion of a single 100-mg oral dose of dapsone on lymphocyte transformation to phytohemagglutinin (PHA)"

Subjects
° Results are expressed as mean counts per minute with standard error of six normal individuals and patients with LL.

® Time after dapsone ingestion.

Normal adults
Patients with LL
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dapsone-mediated stimulation of PMN motility
and inhibition of the HRP-H20,-halide system,
normal PMN were exposed to this system in the
presence and absence of stimulatory concentra-
tions of dapsone in vitro and tested for migratory
responsiveness to EAS. The HRP-H:0,-halide
system caused considerable inhibition of PMN
motility. Inclusion of dapsone, however, pro-
tected the PMN from HRP-mediated inhibition
of motility. It is possible that dapsone may fur-
ther contribute to improved leukocyte motility
by protecting leukoattractants from inactivation
by the HRP-H;0:-halide system (8).

On the basis of these results it is possible to
suggest a mechanism of dapsone-mediated stim-
ulation of PMN migration in vivo and in vitro.
Interaction of leukoattractants with PMN
causes generation of superoxide and H;0O. and
degranulation with release of MPO (5, 6). The
presence of MPO and H,0; with a halide in the
extracellular milieu could be expected to restrict
PMN locomotion. This inhibitory effect could
be moderated by dapsone.

The in vivo effects of dapsone on mitogen-
induced lymphocyte transformation in three pa-
tients with LL and six normal adults and in vitro
effects in blood from six normal adults were less
striking. Inhibition was observed at dapsone con-
centrations of > 0.1 mM in vitro. However, slight
stimulation of transformation was observed in
both groups at 2 h after ingestion of dapsone,
but not at 24 h. The relationship between inhi-
bition of peroxidase-mediated iodination and
slight stimulation of lymphocyte transformation
in vivo was not investigated.

This report has demonstrated that, in addition
to antimicrobial activity and anti-inflammatory
activity, dapsone also possesses immunostimu-
latory activity which is related to inhibition of
the HRP-H;0;-halide system. Dapsone may
therefore cause at least three potentially bene-
ficial effects in patients with leprosy.
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