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SUPEROXIDE PRODUCTION BY SULFASALAZINE
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Abstract—Sulfasalazine is a potent inhibitor of superoxide production and granule enzyme release by
stimulated neutrophils, and modulation of these responses may contribute to its anti-inflammatory
properties. It is a composite drug consisting of 5-aminosalicylic acid and sulfapyridine joined through
an azo linkage. To investigate which functional groups on the molecule are active against neutrophil
responses, S-aminosalicylic acid, sulfapyridine and olsalazine were added to cells stimulated with fMet-
Leu-Phe or immune complexes. The inhibitory effects of sulfasalazine on superoxide production,
degranulation and neutrophil-mediated collagen degradation were closely mimicked by olsalazine, with
the other two compounds having little effect on either function. Thus the azo link appears to be the
important structural feature of sulfasalazine that affects neutrophil responses. This suggests that
sulfasalazine could be anti-inflammatory in its own right rather than just acting as a source of 5-
aminosalicylic acid. Our findings are also a favourable indication for olsalazine (Dipentum), which is
currently under trial as an anti-inflammatory agent.

0006-2952/87 $3.00 + 0.00
© 1987. Pergamon Journals Ltd.

Sulfasalazine (Salazopyrin) is widely used in the
treatment of ulcerative colitis [1-3], and it appears
to be beneficial in some cases of rheumatoid arthritis
[4,5]. It is a composite molecule consisting of 5-
aminosalicylic acid (5-ASA) linked to sulfapyridine
by an azo linkage. The rationale in its original design
was to combine an antibiotic with an anti-inflam-
matory agent [1], and its effectiveness in inflam-
matory bowel disease relates to its being poorly
absorbed, then hydrolysed by colon bacteria to
release 5-ASA [6, 7]. However, it seems likely that
the anti-inflammatory activity of sulfasalazine is not
solely due to 5-ASA [4,5,8,9].

As well as inhibiting prostaglandin synthesis
[9, 10}, sulfasalazine modulates a variety of neu-
trophil functions (8,11-15]. It strongly inhibits
superoxide production and degranulation of neu-
trophils stimulated with fMet-Leu-Phe [12,13],
opsonized zymosan {8] or immune complexes [13],
although with the latter there is a higher con-
centration requirement. It also inhibits neutrophil-
mediated collagen degradation [14] in an in vitro
model system in which immune complexes are
embedded in a glomerular basement membrane
matrix [16].

We have investigated which functional groups on
the sulfasalazine molecule (I) are responsible for its

* To whom reprint requests should be addressed: Dr
C. C. Winterbourn, Pathology Department, Christchurch
School of Medicine, Christchurch Hospital, Christchurch,
New Zealand.

1 Abbreviations used: 5-ASA, 5-aminosalicylic acid;
IgG, immunoglobulin G.

D Do)

HOOC
i HO NH,
HooC
N
Qs
v HO N=N OH
HoOC COOH

effects on neutrophils, by comparing the constituent
molecules, 5-ASA (II), sulfapyridine (IIT) and olsa-
lazine, a 5-ASA dimer linked with an azo bond
(IV). Olsalazine (Dipentum) is currently undergoing
clinical trial for treatment of inflammatory bowel
disease [17].

MATERIALS AND METHODS

Human neutrophils were prepared from hep-
arinized blood by the method of Béyum [18] and
resuspended in 5mM phosphate-buffered saline
(pH 7.4) containing 1 mM CaCl,, 0.5 mM MgCl, and
1 mg/ml glucose. Methodology for the preparation
of albumin-anti-albumin immune complexes and
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aggregates of purified immunoglobulin (Ig) G, for
stimulation of the neutrophils with fMet-Leu-Phe or
immune complexes, and for measuring superoxide
production (as cytochrome ¢ reduction) and release
of myeloperoxidase, B-glucuronidase and lysozyme
are described in refs 13 and 16.

Glomerular basement membrane was prepared
from normal human kidney and impregnated with
immune complexes [16]. The effects of the drugs on
neutrophil oxygen uptake, granule enzyme release
and basement membrane degradation, measured as
hydroxyproline solubilization [16] were determined
as described previously [14].

The drugs were tested for interference in each of
the assays. 5-ASA reduced cytochrome ¢ directly
and could not be used in the superoxide assay. The
other compounds were tested for their effect on
cytochrome ¢ reduction by a xanthine oxidase
superoxide generating system. Although both sul-
fasalazine and olsalazine inhibited in this system,
they inhibited urate production by the xanthine oxi-
dase to a similar extent. Their effect, therefore,
appeared to be on the enzyme, and we saw no
evidence that they were affecting detection of
superoxide. 5-ASA interfered in the myeloperox-
idase assay, and sulfasalazine and olsalazine at high
concentrations interfered in the detection of S-glu-
curonidase. Otherwise the drugs caused less than
15% inhibition in any assay. B-Glucuronidase was
measured as the azurophil marker except with
>250 uM sulfasalazine or olsalazine.

Sulfasalazine, sulfapyridine, 5-ASA and olsalazine
were a gift from Mr Peter Chapman, Pharmacia,
North Ryde, Australia. Other biochemicals were
obtained from the Sigma Chemical Co., St Louis,
MO.

RESULTS

Superoxide production and degranulation of neu-
trophils stimulated with fMet-Leu-Phe and immune
complex

In agreement with previous observations [13], sul-
fasalazine inhibited superoxide production and
release of granule enzymes from neutrophils stimu-
lated with either fMet-Leu-Phe or immune com-
plexes (Fig. 1a). A 10-fold lower drug concentration
was required to inhibit responses to fMet-Leu-Phe,
possibly because sulfasalazine can compete for its
surface receptor [12].

Sulfapyridine did not affect granule enzyme
release with either stimulus, and gave slight inhi-
bition of superoxide production only with fMet-Leu-
Phe (Fig. 1b). 5-ASA gave no inhibition of enzyme
release (Fig. 1c). Although it interfered in the
superoxide assay, 1000 uM 5-ASA gave no inhibition
of O, uptake by IgG-stimulated cells (not shown).
Olsalazine, however, mimicked the behaviour of
sulfasalazine, inhibiting superoxide production and
degranulation with I5s of about 20 and 50 uM
respectively with fMet-Leu-Phe, and at higher drug
concentrations with immune complexes (Fig. 1d).

Basement membrane degradation

Immune complexes associated with isolated base-
ment membrane stimulate neutrophils to adhere,
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release superoxide and granule enzymes, and
degrade the membrane proteins [16]. Degradation
can be measured as hydroxyproline solubilization,
and is due to released neutral proteinases, mainly
elastase and gelatinase [19]. Anti-inflammatory
drugs that inhibit neutrophil responses to immune
complexes, including sulfasalazine, have been shown
to inhibit degradation [14]. Using this model of neu-
trophil-mediated inflammatory tissue damage, olsa-
lazine again mimicked sulfasalazine, and inhibited
basement membrane degradation, while sulfapy-
ridine was ineffective (Fig. 2). 5-ASA gave slight
inhibition (81 = 8% of control degradation at 250
1000 uM).

Granule enzyme release and oxygen uptake were
also inhibited by sulfasalazine and olsalazine in the
basement membrane system (Fig. 2). The only
notable difference between the two compounds is
that sulfasalazine but not olsalazine inhibited lyso-
zyme release. Most of the basement membrane col-
lagen degradation in this system is due to elastase
[19]. It is likely, therefore, that inhibition of elastase
release from the azurophil granules is primarily
responsible for the decreased degradation. Although
sulfapyridine gave some inhibition of release of the
azurophil marker myeloperoxidase, this was not
reflected in decreased basement membrane
degradation.

DISCUSSION

This study has demonstrated that sulfasalazine and
olsalazine are equally potent inhibitors of superoxide
production and degranulation of human neutrophils.
Both agents had similar effects on neutrophils stimu-
lated either with fMet-Leu-Phe, or with immune
complexes, and both inhibited neutrophil-mediated
basement membrane degradation. Sulfasalazine is
generally thought of as a vehicle for delivering 5-
ASA (and possibly sulfapyridine) to sites of inflam-
mation (1,2, 5, 17], yet both these constituents were
considerably less active against neutrophil responses.
One similar study of sulfapyridine and 5-ASA (but
not olsalazine) has been reported [8]. This agrees
with our negative findings with 5-ASA, but (with
opsonized zymosan-stimulated neutrophils) inhi-
bition of superoxide production by sulfapyridine was
greater than in our study. Our results with the three
stimuli are consistent, and indicate that the azo link-
ing group is an important feature for the inhibition
of neutrophil responses. They also imply that sul-
fasalazine may be anti-inflammatory in its own right.

One explanation for the anti-inflammatory prop-
erties of sulfasalazine is inhibition of cyclo-oxygenase
by 5-ASA [9, 10]. However, other cyclo-oxygenase
inhibitors are generally unsatisfactory for treating
ulcerative colitis [9], and it seems likely that there
are other contributing effects. One could well be
inhibition of neutrophil stimulus responses. This
would reduce not only the releaseé oxidants and
hydrolytic enzymes, but also of mediators such as
leukotrienes that amplify the inflammatory process.
Inhibition of leukotriene synthesis in isolated neu-
trophils [11] and in colonic mucosa by sulfasalazine
has been observed [20, 21]. Extrapolation of in vitro
findings to therapeutic effects must be made cau-
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Fig. 1. Effects of (a) sulfasalazine, (b) sulfapyridine, (¢) 5-aminosalicylic acid and (d) olsalazine on
superoxide production and granule enzyme release by neutrophils stimulated with fMet-Leu-Phe (left
hand panels) or immune complexes (right hand panels). Superoxide production (@-—-@): Either 10°'M
fMet-Leu-Phe or albumin/anti-albumin complexes (125ug albumin/ml) were added to
5 x 10° neutrophils/ml and 100 uM cytochrome ¢, which had been pre-incubated with the drug and
cytochalasin B (5 ug/ml) for 5min [13]. Cytochrome c reduction was measured continuously and
maxinmum rates (over the first 1-3 min) were determined. Granule enzymes: Neutrophils were stimulated
as above, except 1 mg/ml aggregated IgG with 107 neutrophils/ml was the immune stimulus [13].
Supernatants were separated after 15 min and analysed for myeloperoxidase (O0——01), f-glucuronidase
(@——®@) and lysozyme (O——0O). Results (means + SD for 2-7 observations) are expressed relative
to control values for the same cell preparation with no drug added. For fMet-Leu-Phe and immune
complexes respectively mean values for release per 10°cells were superoxide, 1.80 =0.91 and
1.48 + 0.88 nmol/min; lysozyme AA,s/min = 0.046 % 0.016 and 0.019 + 0.005; p-glucuronidase,
24+13 and 5.6*=2.4pug phenolphthalein released/24 hr; and myeloperoxidase, AAgyo/min=
0.40 = 0.19 (immune complexes).
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Fig. 2. Effects of (a) sulfasalazine, (b) olsalazine and (c) sulfapyridine on oxygen uptake, degranulation
and collagen digestion by neutrophils added to basement membrane containing IgG aggregates. Neu-
trophils (107) in 1 ml were added to basement membrane (2 mg) with or without pre-incubation with
drug. Oxygen uptake was measured directly and initial linear rates (over the first 5 min) were determined.
Enzyme release and hydroxyproline solubilization were measured after 2 hr [16]. Results are expressed
relative to control values with no added drug, obtained with the same cells and basement membrane
preparation. Means + SD of 3-6 observations are shown for hydroxyproline solubilization. Mean values
only (from a similar number of experiments) of the other parameters are shown. Control values
(means = SD) were: hydroxyproline solubilized, 1.26 + 0.65 ug; lysozyme release, AA 5p/min =
0.022 = 0.008; myeloperoxidase AA/min = 0.27 + 0.14; O, uptake (maximum rate) 2.2 + 0.7 nmol/
min, all per 10°cells. @—-@, Hydroxyproline solubilized; O---0O, lysozyme; [J---[, myelo-

peroxidase; A- -A, O, uptake.

tiously, especially in relation to dose response. How- 6.

ever, our observed effects of sulfasalazine and olsa-
lazine, even with immune complexes, were at
concentrations similar or below those used in other
in vitro studies [8, 11, 20, 21]. With normal 2 g daily
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doses [2, 4], and evidence that sulfasalazine collects ¢ IE,, D()mowitz, Gastroenterology 88, 580 (1985).
in collagen-rich tissues including the intestinal wall 10, H. 0. J. Collier, A. A. Francis,’W. 1. McDonald-

and synovial fluid [22] drug requirements to inhibit
neutrophil responses may not be excessive.

Our findings suggest that olsalazine (Dipentum)
should retain the anti-inflammatory properties of
sulfasalazine against neutrophil responses, without
the undesirable side effects due to sulfapyridine
release [5, 17]. This is a favourable indication for its
potential clinical usefulness.
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