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Abstract
The effects of sulphasalazine, 5-aminosalicylic
acid (5-ASA), and sulphapyridine on peroxidation of red cell membrane lipids, measured as
malondialdehyde production, were assessed.
Sulphasalazine and 5-ASA, at concentrations
of 1O-5-10-3 M significantly inhibit lipid peroxidation, suggesting an antioxidant action that
may explain the efficacy of these drugs in
treating inflammatory bowel disease. Sulphapyridine, which is not effective in inflammatory
bowel disease inhibited malondialdehyde production at a concentration of 10-'M only.
Sulphasalazine, which is used in the treatment of
inflammatory bowel disease, is composed of 5aminosalicylic acid (5-ASA) linked to sulphapyridine by an azo bond that is cleaved by the azo
reductase of colonic bacteria. 5-ASA is the active
moiety of sulphasalazine,' but its mode of action
remains unclear. Sulphasalazine was initially
thought to act as a cyclo-oxygenase inhibitor and
hence reduce prostaglandin production,'4 but
since other cyclo-oxygenase inhibitors may
exacerbate ulcerative colitis,5 this now seems
unlikely. In addition, sulphasalazine and 5-ASA
have been shown to increase prostaglandin production.9
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A contributory cause of tissue damage in
inflammatory bowel disease is free radical production by leukocytes. Indeed, monocytes from
patients with this disorder produce more free
radicals than cells from normal subjects,'0 while
macrophages from the colonic mucosa of
patients with inflammatory bowel disease more
readily undergo a respiratory burst" leading to
toxic oxygen metabolic production. Sulphasalazine and 5-ASA either scavenge these free
radicals'2"16 or prevent their initial generation.'7
However, the ability of these drugs to prevent
membrane peroxidation, and hence cell death,
has not been investigated previously.
The production of malondialdehyde, a breakdown product of free radical attack upon membrane polyunsaturated fatty acids, was studied in
red cells. This model was chosen as erythrocytes
contain no cyclo-oxygenase and hence the effects
of prostaglandins (released by any membrane
stimulation) on free radical production, and
therefore lipid peroxidation, was obviated. In
addition, since prostaglandins interfere with the
malondialdehyde assay, the erythrocyte represented a good model in which to study lipid
peroxidation. The effects of sulphasalazine, 5ASA, and sulphapyridine on malondialdehyde
production in this system were investigated.
The model described is simple, cheap, and
easily reproducible and could be adapted to
screen the antioxidant properties of other drugs

and thus facilitate the development of new
treatments for inflammatory bowel disease.

Methods
Lipid peroxidation of red cell membranes was
induced according to the protocol of Stocks and
Dormandy'8 and further modified by replacing
the relatively unstable hydrogen peroxide with
the more stable and commonly used lipoperoxide
analogue t-butyl hydroperoxide. Lipid peroxidation was measured as malondialdehyde production as described previously.'9 Briefly,
10 ml venous blood were drawn into preservative
free heparinised (5 U/ml) syringes from five
healthy volunteers, centrifuged for 15 minutes at
1400 g, and the plasma and buffy coat discarded. The packed cells were then washed three
times with 0.015 M phosphate buffered saline
(PBS), pH 7.4, and centrifuged. A one in 10
suspension of packed cells in 0-015 M PBS
containing 10` M sodium azide was established
and its haemoglobin concentration determined
using Drabkin's reagent. The haemoglobin concentration of the packed cells was then adjusted
to a final incubating concentration of 3.75 mg/ml
using PBS-azide. Initial experiments confirmed
that 10-3 M sodium azide was required to inhibit
red cell catalase sufficiently to allow malondialdehyde production to proceed.
Aliquots (lml) of freshly prepared 5-ASA,
sulphasalazine, or sulphapyridine in 0.02 M
sodium hydroxide were then added to 5 ml red
blood cell solution in conical flasks to give final
concentrations of 10-7-10-3 M, and the solutions
were incubated for one hour at 37°C in a shaking
water bath at 100 oscillations/minute. The flasks
were protected from light to prevent oxidation of
the drugs. 0-02 M sodium hydroxide served as a
control.
After one hour 5 ml t-butyl hydroperoxide, to
a final concentration of 3-75 x 10-4 M, was added
to the packed cells. This concentration was
chosen since it gave a similar malondialdehyde v
time curve to that previously described,'8 while
concentrations of up to 5 x 10-3 M t-butyl hydroperoxide made little difference to the amount of
malondialdehyde produced over 180 minutes.
After addition of t-butyl hydroperoxide timed
samples were removed over three hours into
tubes containing 2 ml 0-61 M trichloroacetic acid
and centrifuged for 10 minutes at 1400 g. Some
2 ml of the supernatant was pipetted into a test
tube to which 1 ml 0 052 M thiobarbituric acid
was added. The tubes were heated for 20 minutes
at 95°C, cooled, and peroxidation was determined as the production of malondialdehyde
which in combination with thiobarbituric acid
forms a pink product whose absorbance at 532
nm was recorded. The concentration of malon-
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Figure 1: Mean (SEM) malondialdehyde production versus
time. Lipid peroxidation was induced in red cell suspensions
containing either drugs or sodium hydroxide. Samples were
removed over three hours and malondialdehyde production
was measured. t5-ASA v controlp<0 001;*5-ASA v control
p<001; *sulphasalazine v control p<0 001;
#sulphasalazine v control p<0 01.

dialdehyde in these assays was calculated using
1 [imol/l tetraethoxypropane as a standard
equivalent to 1 iimol/1 malondialdehyde. We
confirmed that standard curves created in the
presence of 10` M concentrations of the three
drugs showed no interference with absorbance at
532 nm and gave identical results to control
standards. All three drugs plus control were
studied at the same time in each volunteer.
STATISTICAL ANALYSIS

Results are expressed as nmol malondialdehyde/
g haemoglobin (Hb), mean values (n=5) (SEM).
Statistical comparisons were made by Student's
paired t test.
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Figure 2: Mean (SEM) malondialdehyde production at 180 minutes at varying drug
concentrations. *5-ASAsulphasalazine v control p<0 001; **sulphapyridine v control
p<0 01; #5-ASA/sulphasalazine v control p<0 02; §sulphasalazine v control p<0 05.

Results
Figure 1 shows malondialdehyde production
against time. The control values of malondialdehyde production are low up to 30 minutes as the
peroxidation reaction is initiated. There then
follows a rapid surge in production as lipid
peroxidation accelerates in a cascade fashion,
followed by a deceleration between 90 and
180 minutes as most red cell membrane lipids
become peroxidised. Thus, 180 minutes was
taken as the end point in studying the efficacy
of drugs in inhibiting malondialdehyde production.
Figure 1 also shows the effects on malondialdehyde production of 10-3 M 5-ASA and 10-3 M
sulphasalazine in red cell suspensions. Up to 30
minutes there was no difference between 5-ASA
and control values, but by 60 minutes 10` M
5-ASA had significantly inhibited malondialdehyde production compared with control values
(mean (SEM), 140 (15d1) v 268.2 (19 1) nmol/g
Hb, 5-ASA v control respectively, p<0 01), and
more so by 180 minutes (176 (12.4) v 502 (12-6)
nmol/g Hb, p<0001). In contrast, 10` M
sulphasalazine suppressed malondialdehyde
production compared with control values from
10 minutes (6-1 (7.5) v 29.2 (8.9) nmol/g Hb
sulphasalazine v control respectively, p<0 01),
the effect increasing by 180 minutes (279 (16.7) v
502 (12.6) nmol/g Hb, p<0001).
The Table and Figure 2 show the effects on
malondialdehyde production of all three drugs at
varying concentrations at 180 minutes. 10` M,
10-4 M, and 10` M sulphasalazine inhibited
production by 44%, 21%, 11% respectively compared with controls (p<0001, p<002, and
p<005 respectively). There was also a trend for
10-6 M and 10` M sulphasalazine to reduce
malondialdehyde production compared with
control values, but this was not significant.
5-ASA at 10 M, 10-4 M, and 10` M inhibited
malondialdehyde production by 65%, 54%, and
18% respectively compared with control values
(p<0001, p<0 001, and p<0*02 respectively).
In contrast, sulphapyridine significantly
inhibited (by 24% (p<0 01)) malondialdehyde
production only at the highest concentrations of
10` M and not at lower concentrations.
By 10 minutes, 10-3 M and 10` M sulphasalazine had reduced malondialdehyde production
by 63% and 50% respectively compared with
5-ASA (sulphasalazine v 5-ASA for both concentrations p<O005). By 180 minutes, however, the
situation was reversed, and both 10` M and
10` M 5-ASA lowered malondialdehyde production to a greater degree than similar con-
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Discussion
Our results show for the first time that sulphasalazine and 5-ASA inhibit peroxidation of cell
membrane lipids. This suggests a mode of action
by which the documented antioxidant properties
of these drugs12-'6 may be exerting an effect.
It is not clear why 10' M sulphasalazine
inhibited malondialdehyde production so much
earlier than 10' M 5-ASA, which had no effect
until 60 minutes. The ability of the drugs to
interact with the erythrocyte membrane and terminate free radical reactions may be different, or
5-ASA may have to enter the red cell while sulphasalazine may act extracellularly. It is also possible
that sulphasalazine has a greater affinity for free
radicals but would therefore be consumed faster
than 5ASA. This may explain why, although
sulphasalazine reduced malondialdehyde production at 10 minutes, by 180 minutes production was inhibited more by 5-ASA than
equivalent concentrations of sulphasalazine.
Inhibition of lipid peroxidation by sulphasalazine supports the hypothesis that the prodrug
sulphasalazine is itself active, and agrees with
previous work showing that sulphasalazine
scavenges hydroxyl radicals and hypochlorous
acid.'2 6 Sulphasalazine and 5-ASA have these
properties because they possess a phenolic
hydroxyl side group that confers scavenging
ability but is not present on sulphapyridine.
The scavenging of free radicals by 5-ASA has
been shown to prevent cytotoxicity,20 and this
study suggests that sulphasalazine and 5-ASA
may be protective by preventing lipid peroxidation of cellular membranes in the colonic
mucosa. Clinically, the importance of radical
scavenging activity in the amelioration of inflammatory bowel disease is reflected in the dramatic
effect of superoxide dismutase in the treatment
of patients with Crohn's disease.2' 22
Apart from preventing direct cytotoxicity,
however, it is also possible that radical scavenging by sulphasalazine and 5-ASA lowers the
concentrations of lipid peroxides to a point at
which stimulation of the cyclo-oxygenase
enzyme has been shown to occur,22 leading to the
production of protective prostaglandins that may
inhibit leukocyte recruitment and down regulate
the immune response. Thus, the ability of
5-ASA and sulphasalazine to increase prostaglandin production-9 may be related to scavenging of lipid peroxides. Indeed, we have shown
that 5-ASA causes an increase in leukocyte
prostaglandin production in parallel with an
inhibition of red cell membrane lipid peroxidation.23 Raised prostaglandin concentrations may
well be protective since prostacyclin has been
shown to decrease leukocyte recruitment,24 while
prostaglandin E2 reduces mucosal ulceration in
experimental colitis in the rat.25
It is interesting that at concentrations as low as
10-5 M, both sulphasalazine and 5-ASA exerted

an antioxidant effect. This may be clinically
relevant, since patients receiving 4 g sulphasalazine daily have been shown to have faecal
concentrations of up to 3x 10-2 M 5-ASA, with
plasma concentrations of about 10-6 M.26 The
concentrations of 5-ASA in mucosa are not
known, but would lie between these values.
Sulphapyridine inhibited peroxidation at
10- M, and this drug does have some antioxidant activity.'7 This component of sulphasalazine is thought to have no effect in inflammatory
bowel disease, other than being responsible for
the side effects of treatment, but may be the
therapeutic moiety in rheumatoid arthritis.27
Relatively high plasma concentrations of sulphapyridine (up to 10- M) occur after sulphasalazine ingestion,26 and may benefit patients with
arthritis by scavenging free radicals produced by
the inflammatory pannus.
The assay that we have developed will be of
benefit in the in vitro screening of other drugs to
determine their antioxidant potential, and this
will help in the development of new treatments
for inflammatory bowel disease. Compared with
previous investigations of the scavenging activity
of sulphasalazine, our in vitro model is simple,
reproducible, and cheap. In addition, the t-butyl
hydroperoxide test descibed to assess malondialdehyde production compares favourably with
other techniques for measuring this.28
In conclusion, we have confirmed that in red
cells both 5-ASA and sulphasalazine act as
antioxidants and inhibit the peroxidation of
polyunsaturated fatty acids. This mechanism of
action may be important in the treatment of
inflammatory bowel disease.
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