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The effects of sulfamethoxazole and trimethoprim individually and in combi-
nation on in vitro neutrophil random migration, chemotaxis to autologous endo-
toxin-activated serum and the synthetic chemotactic tripeptide N-formyl-L-me-
thionyl-L-leucyl-L-phenylalanine, phagocytosis and postphagocytic Nitro Blue
Tetrazolium reduction, glycolysis, hexose monophosphate shunt activity, myelo-
peroxidase-mediated protein iodination, hydrogen peroxide production, and de-
granulation were assessed. The effects on lymphocyte mitogen-induced transfor-
mation were also evaluated. It was found that the test agents individually and in
combination at high concentrations (>100 ,ig/ml) caused the inhibition of neutro-
phil postphagocytic myeloperoxidase-mediated protein iodination, which was
related to the interference with H202 formation as the enzyme per se was
unaffected. Both agents caused the inhibition of lymphocyte transformation at
high concentrations (>100 ug/ml). In vivo studies before and after the ingestion
of co-trimoxazole by three individuals showed no inhibition of any of the neutro-
phil functions tested. The inhibition of lymphocyte transformation was observed
in one individual after the ingestion ofthe chemotherapeutic agent. These findings
indicate that the concentrations which inhibit neutrophil H202 production and
lymphocyte transformation in vitro are not attainable in vivo.

Combinations of sulfonamides and trimetho-
prim (TMP) are now widely used in treating
various infections. Conventional therapeutic
concentrations are without effect on human fo-
late metabolism (4). On the other hand, combi-
nations of the sulfonamides, sulfadiazine, and
sulfamethoxazole (SMX) with TMP may have
immunosuppressive effects. Ghilchick et al. (6)
have reported that TMP per se had an immuno-
suppressive effect and a prolonged allograft sur-
vival in mice. The inhibition of antibody synthe-
sis in animals after the ingestion of co-trimoxa-
zole, the combined SMX-TMP chemothera-
peutic agent, has been reported (2, 3). The de-
pressed uptake of tritiated thymidine by mito-
gen-stimulated lymphocytes after the ingestion
of co-trimoxazole by humans has been reported
(5). However, Kobayashi et al. (7) failed to de-
tect any subsequent impairment of leukocyte
function in seven children with chronic granu-
lomatous disease receiving prophylactic SMX-
TMP (Bactrim; Hoffinann-LaRoche, Inc., Nut-
ley, N.J.).
The present study was undertaken to investi-

gate extensively the effects of SMX and TMP
individually and in combination (SMX-TMP)
on neutrophil motility, phagocytosis, postphag-

ocytic metabolic activity, and lymphocyte mi-
togen-induced transformation in vitro. In a fur-
ther series of experiments, neutrophil and lym-
phocyte functions were evaluated before and
after the ingestion of co-trimoxazole by three
normal adult volunteers.

MATERIALS AND METHODS
Chemotherapeutic agents. The individual drugs

were tested at a final concentration range of 6.25 to
200 ,g/ml. The proportions in the SMX-TMP com-
bination were those used in certain commercial prep-
arations: the ratio of SMX to TMP was 5:1. The
concentration ranges were 6.25 to 200 ,ug of SMX per
ml and 1.05 to 40 ,g of TMP per ml. The drugs were
dissolved in the appropriate suspending medium ac-
cording to the cell function being assessed.

Neutrophil functions: studies of motility. Neu-
trophils were obtained from heparinized venous blood
(5 U of heparin per ml) and were suspended to a final
concentration of 107/ml in HEPES (N-2-hydroxy-
ethylpiperazine-N'-2-ethanesulfonic acid; Sigma
Chemical Co., St. Louis, Mo.)-buffered Hanks bal-
anced salt solution (HBSS; GIBCO Laboratories,
Grand Island, N.Y.) as previously described (1).
The following two leukoattractants were used: (i)

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
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eightfold with HBSS before use; and (ii) the synthetic
chemotactic tripeptide, N-formyl-L-methionyl-L-leu-
cyl-L-phenylalanine (f-met-leu-phe; Miles Laborato-
ries, Inc., Elkhart, Ind.), which was used at a final
concentration of 5 x 10`0 M (previously found to be
the optimal leukotactic concentration) in HBSS sup-
plemented with 0.1% bovine serum albumin.

In random migration systems the leukoattractant
was replaced with an equal volume of bovine serum
albumin supplemented with HBSS (0.8 ml). The cell
suspensions were preincubated with the various drug
concentrations for 15 min. The drugs remained in the
cell compartment throughout the incubation period.
The final cell concentration was 5 x 106/ml for studies
with endotoxin-activated serum (EAS) and in random
migration studies and 3 x 106/ml when f-met-leu-phe
was used. The assays of motility were performed in
modified Boyden chambers (12) with 5-pm-pore size
membrane filters (Millipore Corp., Bedford, Mass.)
and a 3-h incubation period. The results are expressed
as the number of cells per microscope high-power field
as an average of triplicate filters.

Phagocytic studies. Pure neutrophil suspensions
prepared as previously described (1) were used for
these studies. Phosphate-buffered saline (0.15 M; pH
7.2) was the cell-suspending medium. The phagocy-
tosis of Candida albicans was performed as previously
described (1) with a polymorphonuclear leukocyte
(PMN)/C. albicans ratio of 1:3. Drugs were added in
0.1-ml volumes to give a final reaction volume of 1 ml.
The results are expressed as the percentage of C.
albicans ingested per 25 min. The Nitro Blue Tetra-
zolium reduction was measured by the semiquantita-
tive method of Sher et al. (11) with high-molecular-
weight dextran as the stimulant. The results are ex-
pressed as the percentage ofPMNs containing reduced
Nitro Blue Tetrazolium.

(i) HMS activity. The hexose monophosphate
shunt (HMS) activity was measured by the method of
Wood et al. (13) with modifications (1) by the potas-
sium hydroxide absorption of "CO2 derived from glu-
cose radiolabeled in the C-1 position (D-[1-'4C]glucose;
New England Nuclear Corp., Boston, Mass.). The
reaction mixture contained 2 x 106 PMNs (0.1 ml),
autologous serum (0.1 ml), 107 C. albicans (0.1 ml),
drug (0.1 ml), and radiolabeled glucose (0.6 ml) con-
taining 0.06 ,Ci of [1-'4C]glucose. The results are
expressed as the corrected mean counts per minute.

(ii) Measurement of H202 release. In these ex-
periments the effects of the drugs on the release of
H202 into the extracellular medium after the ingestion
of opsonized C. albicans were determined. The opson-
ization was performed at 4°C with 1 ml of fresh pooled
human serum per 108 organisms per 2 h. The C.
albicans organisms were washed twice and resus-
pended to a concentration of 5 x 109/ml. Each exper-
imental tube contained 107 PMNs (0.2 ml), C. albicans
(0.1 ml), 10-2 M sodium azide (0.1 ml), an appropriate
drug concentration (0.1 ml), and phosphate-buffered
saline (0.4 ml) containing 10 mM glucose. 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 H202 by the method of Root et al. (9) by
the reduction of scopoletin fluorescence. Each assay
tube contained distilled water (2.5 ml), horseradish

peroxidase (50 pl; Sigma) at a stock concentration of
13.8 U/ml, 200 ,uM scopoletin,0 P1; Sigma), and cell-
free supernatant (50 pl). Standard curves were con-
structed in the range of 0.1 to 10 nmol of H202. The
H202-dependent reduction in fluorescence was moni-
tored on a Perkin-Elmer model 204 Hitachi fluores-
cence spectrophotometer at an exciter wavelength of
390 nm and an analyzer wavelength of 460 nm. The
results are expressed as nmol per 107 PMN per min.

(iii) Quantitative MPO assay. Myeloperoxidase
(MPO) was assayed by the increase in fluorescence at
470 nm which accompanied the oxidation of guaiacol.
In these experiments 5 x 107 PMNs were incubated
with the various drug concentrations for 1 h at 37°C
in the presence of autologous serum. The cell suspen-
sion was then sonicated in an MSE ultrasonic disin-
tegrator (three 20-s bursts) at an amplitude of 10,um
peak to peak, and the sonicate, after centrifugation at
5,000 x g, was assayed for MPO activity by the method
of Paul et al. (8) with minor modifications. The assay
system contained glycine-NaOH buffer (pH 10) (1 ml),
1.5 x 10' M guaiacol (1 ml), 5 x 10-2 M H202 (1 ml),
and sonicate (0.1 ml). The rate of oxidation was mea-
sured spectrophotometrically as the increase in optical
density at 470 nm. The results are expressed as enzyme
units per 108 PMN calculated from a standard curve
in the range of 0.83 to 275 U of horseradish peroxidase
per ml.

(iv) MPO-mediated iodination of ingested pro-
tein. The MPO-mediated iodination of ingested pro-
tein was determined by the method of Root and Stos-
sel (10) with minor modifications (1). To 0.1 ml of
PMN suspension (107/ml) were added 0.1 ml of C.
albicans (108/ml), 0.1 ml of fresh autologous serum,
0.1 ml of the various drug concentrations, 0.1 ml of an
"2I solution (0.6 pCi/ml) (sodium iodate; New England
Nuclear), and 0.5 ml ofphosphate-buffered saline. The
incubation was for 60 min at 37°C, after which the
amount of incorporation of "26I into acid-precipitable
protein was determined by solid scintillation counting.
The results are expressed as counts per minute.

(v) Lysozyme release. Lysozyme release was used
to assess the effects of the chemotherapeutic agents
on postphagocytic degranulation. Experimental tubes
contained 5 x 10 PMNs (0.5 ml), autologous serum
(0.1 ml), an appropriate drug concentration (0.1 ml),
and C. albicans (5 x 108/ml) (0.1 ml). The tubes were
incubated for 60 min at 37°C, after which PMNs and
C. albicans were removed by centrifugation. The su-
pernatants were assayed for lysozyme by the lysis of
a suspension of Micrococcus lysodeikticus by a reduc-
tion in turbidity at 450 nm. Each assay tube contained
phosphate-buffered saline (2 ml), M. lysodeikticus (0.1
ml), and phagocytic supernatant (0.5 ml). The starting
optical density of the bacterial suspension was 0.15. A
standard curve was constructed in the lysozyme con-
centration range of 1.25 to 400 U/ml. The results are
expressed as enzyme units per 5 x 106 PMNs.
Lymphocyte studies. Lymphocyte transformation

to the mitogens phytohemagglutinin (PHA) and con-
canavalin A (ConA) at concentrations of 25 and 50 ug/
ml, respectively, was also determined. Mononuclear
cells were obtained by density gradient centrifugation
and suspended after washing, to a concentration of 4
x 106/ml, in TC 199 (GIBCO). Samples (50 p1) of 2 x
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10i cells were added to the wells of 6-nm Linbro tissue
culture plates (Flow Laboratories, Inc., Rockville,
Md.). The final volume in each well was brought to
0.2 ml by the addition of 110 id of serum (10%)-supple-
mented TC 199, 20 p1 of the various drup, and 20 p1 of
each mitogen. The plates were incubated for 48 h at
370C in a humidified atmosphere of air and 3% CC2,
after which 0.2 pCi of tritiated thymidine (New Eng-
land Nuclear) in 20 pl was added to each well, and the
plates were incubated for a further 18 h. The plates
were harvested with a multiple automated sample
harvester, and the extent of incorporation of tritiated
thymidine into newly synthesized deoxyribonucleic
acid was assessed in a liquid scintillation spectropho-
tometer.

InI vivo studies. Neutrophil chemotaxis to EAS,
postphagocytic HMS activity, MPO-mediated protein
iodination, and lymphocyte mitogen-induced transfor-
mation was assessed before and after the ingestion of
co-trimoxazole in three adult volunteers. Each individ-
ual ingested four 480-mg tablets (two, twice daily) for
5 days. Repeat testing was performed on day 5.

RESULTS
Calculation and expression of results.

Unless otherwise stated, the results are ex-
pressed as the mean value with standard error
of five separate experiments. Statistical evalua-
tions were performed by the Student t test. The
significant effects of SMX and TMP were only
observed at concentrations of 50 pg/ml. There-
fore, only the results obtained with 100 pg of
each agent per ml and with 100 pg of SMX per
ml plus 20 ug of TMP per ml are shown as a
concentration of 100 pag of SMX per ml ap-
proaches the maximum safe level in therapeu-
tics.
Neutrophil motility. SMX and TMP, indi-

vidually and in combination at all concentrations
tested, had no effect on neutrophil random mi-
gration and chemotaxis to the leukoattractants
EAS and f-met-leu-phe. The results for the in-
dividual agents at 100 pg per ml and for the
combination at 100 pg/ml + 20 pg/ml are shown
in Table 1.
Phagocytosis and postphagocytic meta-

bolic activity. SMX and TMP, individually
and in combination, were without effect on the
phagocytosis of C. albicans (data not shown).
The Nitro Blue Tetrazolium reduction was de-
pressed by TMP but not by SMX at high con-
centrations (>100 pg/ml). The results for 100
pg/ml are shown in Table 1. The HMS activity
was significantly reduced by high concentrations
ofTMP but not ofSMX (Table 1).
MPO-mediated protein iodination. The

MPO-mediated protein iodination was signifi-
cantly depressed bySMX and TMP individually
and in combination at high concentrations.
(Table 1 shows 100-pg/ml values.) For determin-
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ing if the inhibition of MPO-mediated iodination
was due to a direct inhibition of MPO by SMX
and TMP, the effects of both agents on the MPO
oxidation of guaiacol, the degranulation by ly- f H +1
sozyme release, and H202 production were as- c
sessed. _ _
MPO activity. MPO activity was assessed in

the presence of added H202 by the spectropho-
tometric analysis of the oxidation of guaiacol.
No inhibition ofMPO activity was detectable in
the presence of SMX and TMP individually and ° e
in combination at any concentration (data not 0c e
shown). The control value for guaiacol oxidation ;X
was 22.3 ± 4.2 U/108 PMN. The results obtained
in the presence of the various drugs were not
significantly different from this value.
Lysozyme release. The mean value for post-

phagocytic lysozyme release was 68 ± 5.4 lyso-
zyme unitsper5x 106PMNs.Theresults (data .
not shown) in the presence of SMX and TMP - v.
were not significantly different from those for , _
the control value, thus showing that these agents
probably do not interfere with the release of <
granule-associated MPO. a
H202 production. High concentrations of ;

SMX and TMP individually and in combination +: +1
caused the inhibition of postphagocytic H202 X i e
production (Table 1). This finding indicates that X
the SMX-TMP-induced inhibition of postphag-
ocytic MPO-mediated iodination of ingested
protein is due to the lack of availability of H202
forthe peroxidase system. . _
Lymphocyte transformation. SMX and +i +H

TMP, individually and in combination at high -.X
concentrations, caused a dose-dependent inhi- a . X
bition oftransformation to both mitogens (Table
1 shows 100-,ug/ml values). The most significant
inhibition was achieved with the higher mitogen 0X
concentrations. - 3 o
In vivo studies. No inhibition of neutrophil l -

chemotaxis to EAS or postphagocytic HMS ac-
tivity or MPO-mediated protein iodination was . Z
observed after the ingestion of therapeutic doses CqI
of co-trimoazole for a 5-day period (Table 2).
Likewise, no inhibition of mitogen-induced o
transformation was found in two out of three tX r
individualsaftertheingestionofco-trimoxazole. 8 f ,:: N N i
However, a third individual developed reduced WAresponsiveness to PHA and ConA which was Ne
associated with an allergic reaction to SMX
(Table 2). The inhibition was approximately 50%
of the preco-trimoxazole response. >:

H .NON t.
DISCUSSION tE

This study has demonstrated that neutrophil Pk
phagocytosis, random migration, and chemo- 0 -
taxis arenot affectedbySMXandTMP individ- 5

co
ually or in combination. This was found in both v z
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in vitro and in vivo experiments. However, post-
phagocytic MPO-mediated iodination and H202
production were impaired at high concentrations
of both agents (>100 ,ug/ml). The precise mech-
anism of the inhibition is not yet clear. The
decreased MPO-mediated iodination is probably
secondary to the reduced H202 production as
high concentrations of SMX and TMP had no
effect on MPO per se or on degranulation mea-
sured by lysozyme release and by electron mi-
croscope studies. SMX and TMP may cause the
inhibition ofHMS activity or alternatively they
may compete for H202. The inhibition of post-
phagocytic metabolic activity mediated bySMX
and TMP is an in vitro phenomenon caused by
supraphysiological concentrations of these
agents as no alteration ofHMS activity orMPO-
mediated iodination was observed after the
ingestion of co-trimoxazole by three nornal in-
dividuals. Folic acid at the same concentrations
as TMP had similar inhibitory effects on PMN
postphagocytic metabolic activity in vitro (un-
published observations).
Lymphocyte mitogen-induced transformation

was also decreased at TMP and SMX concen-
trations of >100 pug/ml. Low concentrations of
both agents (6.25 and 12.5 pug/ml) caused a slight,
but insignificant, stimulation of mitogen respon-
siveness. No consistent inhibition oflymphocyte
transformation to both mitogens was observed
in vivo; one individual showed impaired mitogen
responsiveness, but he also developed allergic
manifestations and showed a positive immediate
response on skin testing with SMX (2 pug/ml).
Furthermore, in three children with chronic
granulomatous disease receiving prophylactic
co-trimoxazole we observed no inhibition oflym-
phocyte function in vitro.
We have also investigated the effects of sul-

fadiazine and TMP individually and in combi-
nation on the same cellular functions in vitro,
with similar findings (results not shown).

Although further research is required on the
relationship between the development of sulfon-
amide allergy and depressed lymphocyte trans-
formation as observed in one individual in this
study, no consistent inhibition of cellular im-

mune function was detected after the ingestion
of co-trimoxazole. The lack of interference with
immune functions is probably an important
property ofa chemotherapeutic agent or an anti-
biotic, especially that which is used prophylact-
ically.
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