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Antioxidant properties of 5--ASA: 
Potential mechanism for its 
anti~inflammatory activity 
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ABSTRACT: There is a growing body of experimental data to rnggest chat the 
inflamed intestine and/or colon may be subjected to considerable oxidative 
stress. The most probable source of these oxidants are the phagocytic 
leukocytes, since these cells are present in large numbers in the inflamed mucosa 
and are known to produce significant amounts of potentially injurious reactive 
oxygen species in response to inflammatory stimuli. The authors' laboratory and 
others have demonstrated that 5-aminosalicylic acid (5-ASA) possesses potent 
antioxidant activity, including free radical scavenging properties and the ability 
to decompose neutrophilic oxidants (eg, hypochlorous acid) and detoxify 
he,noprotein-associated oxidizing agents. 5-ASA has the additional property 
of being able to chelate iron and render it poorly redox active. Therefore, it is 
proposed that much of the anti-inflammatory activity of 5-ASA may be due to 
its numerous antioxidant properties. CanJ Gastroenterol 1990;4(7):295-302 
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Les proprietes antioxydantes de l'acide 5-aminosalicylique: 
Mecanisme possible de son activite anti-inflammatoire 

RESUME: Des donnees experimentales de plus en plus nombreuses suggerent 
que l'intestin ou le colon irrite est peuc-ecre assujetti a un stress oxy<latif 
considerable. II est probable que les oxy<lants responsables proviennent des 
leucocytes phagocyraires qui abondent clans la muqueuse enflammee: on sait en 
effet qu'ils produisent, en reaction aux stimuli inflammato ires, des quantites 
considerables d'especes oxygenees reactives potentiellemenr nuisibles. Les 
etudes effectuees en laboratoire, par les auteurs et d'autres chercheurs, 
demontrent que l'acide 5-aminosalicylique (5-ASA) est un antioxydant puis
sant; ii a la capacite d'eliminer les radicaux libres, de decomposer les oxydants 
neutrophiles (acide hypochloreux) et de detoxifier l'hemoproteine associee aux 
agents oxydants. Le 5-ASA a de plus la propriete de chelater le fer et d'en 
affaiblir !'action oxydoreductrice. C'est pourquoi ii est suggcre que !'action 
anti-inflammatoirc du 5-ASA serait due en grande partie a scs nombreuses 
proprietes ant1oxydantes. 
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U LCERATIVE COLITIS IS A RECUR

rent inflammation of the colon 
and rectum characterized by rectal 
bleeding, diarrhea, fever, pain, 
annrexia and weight los~. Active 
episodes uf this disease arc charac
terized by the extravasation ,md in
filtration nf large numhers of inflam
matory leukocytes (neutrophils, 
eosinophds, monocytes and macro
phages) into the colonic mucosa (I). 
This enhanced inflammatory infiltrate 
is accompanied by extensive mucosa! 
injury including edema, crypt absces
ses, loss of goblet cells, decreased mucus 
production, erosions and mucosa! ul
cerations ( l ). Oral adm 111btration of 
sulphasalaz ine has been shown to be 
very effecti ve in at tenuat ing the 
mucosa[ inflammaunn and injury as
sociated with th b disease. Phar
macokinetic studies have demonstrated 
that su lphasalaz ine passes through the 
upper gastrointestinal trace unmodified 
until it reaches the colon, where it is 
metabolized by endogenous bacteria to 

yield 5-aminosalicylic ac id (5-ASA) 
and sulfapyridine. Several clinical 
studies have demonstrated that 5-ASA 
is the pharmacologically active moiety 
of sulphasalazine ( 2-4) . 

PROPOSED MECHANISMS OF 
ACTION OF 5-ASA 

Although sulphasalazine has been 
used clin ically for more than 40 years, 
the mechanism(s) by which 5-ASA 
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TABLE 1 
Proposed mechanisms of action of 5-aminosalicylic acid (5-ASA) 

ICso (µM) Reference 

Cyclo-oxygenase Inhibitor 10.CXXJ 6 
Upoxygenase Inhibitor 600) 8 
Inhibitor of neutrophll function 

Phagocytosis NE 9 
Chemotaxis NE 9 
Degranulation NE 9 
FMLP binding >5000 13 

Inhibitor of antibody secretion 1050-1350 14 

Antioxidant 
Superoxide radical scavenger 10-20 18 
Hydroxyl radical scavenger 400-1000 17,37 
Carbon-, peroxyl- or nitrogen-centred free 5-10 19.PS 

radical scavenger 
Hypochlorous acid scavenger 25-400 17.38 
Iron chelator 300 37 
Scavenger of hemoprotein-associated 20-50 38.PS 

oxidants 
In some studies 5-ASA was found to hove no effect (NE) The /Cso of 5-ASA for scavenging peroxyl 
radicals or the hemoglob,n-ossocloted free radical was presented in the present study (PS). FMLP 
n -formyl-melhlonyl-leucyl·phenylolonine 

protects the mucosa Juring active 
cpisoJes of ulcerative colitb remains 
only speculative. It has been suggested 
that 5-ASA may exert ns protective 
effect by 1nh1hiting the enzyme cyclo
oxygenase, thus attenuating the forma
tion of potentially pro-inflammarory 
rrosraglandins (5,6). The concentrn
ttnn re4uireJ to mhib,r this enzyme by 
50% (ICso) was founJ to he ap
prox11nately 10 mM (6) (Table 1). 

The in1t1al enthusiasm for this 
mechanism has diminished over the 
past few years afrer it was J1scovercd 
that more potent and specific m
hibitors of cyclo-oxygenase may actual
ly exacerbate inf1ammatnry tissue in
Jury. Work by Stens,m and colleagues 
(7,8) has demonstrated that sul
phasalazine and to a lesser extent 5-
ASA are capable of inhihiting 
lipoxygenase acriv iry from activated 
neutrophils. Using leukorriene B<! syn
thesis as a measure of lipoxygenase ac
tivity, they found that the ICso, for 
sulphasalazine and 5-ASA were ap
proximately 0.8 and 6.0 mM, respec
tively, when exogenous arachidonic 
acid was included as the suhstrate. 
However, the ICsos increased to 2.8 
and 6.4 mM, respecrively, when en
dogenous arachiJonic acid was used as 
the substrate (8). The physiological sig
nificance of inhibition by the parent 
drug (sulphasalazine) is presently un-

clear. ln aJJ1tion to mhibition of 
arachiJonate metabolism, high con
centrations of sulphasalazine and 5-
ASA have been shown to inhihit cer
tain functions of human neutrophils 
such as migration, Jegranulation, 
phagocyros1s and supemxide formation 
(9-12). lt has also been determined that 
high concentrations of sulphasalazme 
and 5-ASA inhibit the binding of the 
bacterial peptide, n-formyl-methionyl
leucyl-phenylalanine (FMLP) to 

human neutrophils, thereby inhibiting 
FMLP-induced arthritis in rabbits and 
FMLP-induced oxygen raJ1cal forma
tion m vitro (13). A recent report by 
Mac Dermott et al ( 14) shows that 5-
ASA is effecrive at mhibiting mitogen
stimulated secretion of immuno
globulins synthesized by peripheral 
blood and intestinal mononuclear 
leukocytes. The ICso for 5-ASA in this 
particular stuJy was approximately 1.0 
to 1.35 mM (14). Again, as with the 
studies nn neutmphil function, the 
physiological significance of inhibition 
of leukocyte metabolism and function 
using high concentrations of sul
phasalazine or 5-ASA is, at the present 
time, not apparent. More recent work 
has demonstrated that 5-ASA has 
potent antioxidant m free rad ical 
scavenging properties in vitro, which 
has hcen suggesteJ to account for some 
of its therapeutic efficacy in vivo ( I 5-

23). A majnr limitation in definmg the 
protective mechanisms of 5-ASA has 
been uncertainty regardmg the con
centration of thb anti-inflammatory 
agent within the colonic mucosa! mter
stitium. The authors recently deter
mined the colonic mterstitial con
centrations of 5-ASA and its 
n-acetylated derivauve in the healthy 
feline colon perfused with concentra
tions of 5-ASA known to result from 
oral administramm of sulphasalazme or 
from mtrarectal aJministration o( 5-
ASA preparatiom. It was found that 
perfusion of the colonic lumen with 10 
mM 5-ASA produced an mtcrstitial 
concentration of 5-ASA of np, 
proximately 100 to 150 µM (24). Thi, 
represented only I to 2(Y.i of the total 
luminal 5-ASA delivered ro the 
mucosa. These studies also revealed 
that the cat has a diminisheJ caparny 
t0 n-acetylate 5-ASA, since only a 
small percentage ( less than l 0%) of the 
drug was detected as n-acetyl-5-ASA in 
the mucosa! interstitium (24). The 
results of this study appear to have 1m
porcant implications relative to the ex
trapolation of in vitro expenmenrs 
regarJing proposed mechanisms of ac
tion of 5-ASA and their respective 
ICsos (Table 1 ). for example, studies 
that implicate inhibition of arach1-
donate metabo lism or leukocyte func, 
tion require concentrations of 5-ASA 
greater than 1000 µM a level for m 
excess of the mucosa! mterst1t1al con
centrations determined for the colon. 
These data appear to mmimize the role 
of 5-ASA as an inhibitor of arnch,. 
donate metabolism or leukocyte func
tion. However, it should be noted rhat 
the inflamed mucosa may be more per
meable to 5-ASA than healthy colon. 
Interestingly, the ICsos of 5-ASA for a 
variety of antioxidant mechanisms fall 
within the experimentally determined 
interstitial concentrations, suggesting 
that some of the antioxidant propemes 
of 5-ASA may be operative in vivo. If 
one of the major mechanisms of acnon 
of 5-ASA is as an antioxidant or free 
radical scavenger, then one would 
predict that the mtestinal mucosa may 
be subjected to significant ox1Jar1ve 
stress dunng active eptS()Jes of inflam
mauon. The fol lowing sect ion discusse, 
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evidence which supports the idea that 
intestinal inflammation enhances reac
tive oxygen metabolism. 

REACTIVE OXYGEN 
METABOLISM DURING 

INTESTINAL INFLAMMATION 
One of the hallmarks of active 

episodes of colitis is the infil tration of 
large numbers of phagocytic leukocytes 
into the mucosa( interstitium. Recent 
evidence suggests that the infiltration 
of these inflammatory cells may he 
mediated by the potent pro-inflam
matory agents leukotriene B4 and/or 
platelet activating factor, since both of 
these mediators have been shown to be 
elevated in inflamed mucosa (25,26). 
Concurrent with this enhanced inflam
matory infiltrate is extensive mucosa( 
injury, suggesting that the phagocytes 
play an active role in mediating some of 
the mucosa[ damage associated with 
this disease. It is known that the inter
action of certain pro-inflammatory 
stimuli (eg, leukotricne B4, platelet ac
tivating factor) with specific receptors 
on the neutrophilic plasma membrane 
results in the production and release of 
large quantities of reactive oxygen me
tabolites such as superoxide (02- ) and 
hydrogen peroxide (HzOz). Neither su
peroxide nor hydrogen peroxide are 
particularly reactive; however, they 
will interact in the presence of certain 
transition metals such as iron (Fe) co 
generate the highly reactive and 
cytotoxic hydroxvl rad ical (OH·): 

02- + Fe3+ •02 + Fe2+ 

H:202 + Fe2+ _, OH"' + OH· + Fe3• 

sum: 02- + H202 .. OH- + 02 + OH· 

The hydroxyl radical is one of the 
most potent oxidants produced in 
biological systems. It is capable of 
oxidizing and peroxidizing a wide 
variety of biomolecules such as protein, 
carbohydrate and lipid (27). Lipid 
peroxidation is a classical free radical 
reaction involving initiation, propaga
tion and termination reactions: 
Initiation: LH + OH· _, L· + H20 

Propagation: L· + 02 _, LOO· 

LOO· + LH ... LOOH + L· 

Termination: L· + L· • L-L 

LOO· + L· ..... LOOL 

where LH, L·, LOO· and LOOH rep
resent polyunsaturated lipid, lipid a lkyl 

Neutrophil-derlved oxidants and gut injury 
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Figure 1) Am1oxidanc and anci/>rocease acuvity of mtesrinal lymph. Pig pancreatic elast.ase ( 25 
µg/mL) and hyP,ochlororis acid (HOC/) (0.2 mM) were incubated with intesonal epithelial cells 
(IEC-18, 2XI05 cells per well) m the absence or presence of rat intestinal lymph (50%) for 4 h a1 
37'C. For some experiment~ lymph was firsl exposed to hypochlorous acid (0.2 mM) for JO mms al 
31'C in the absence of incesrinal epithelial cells. The solutions conlLlining oxidized lym/>h and elast.ase 
were then added to the cells and incubated for an additional 4 h a1 37''C 

radical, lipid hydroperoxyl radical and 
lipid hydroperoxide, respectively. Per
oxidation of membrane lipids a lters 
memhrane fluidity and may dramatical
ly affect lipid-protein interactions and 
enzymatic function (27). In addition to 
the hydroxyl radical, it is known that 
h ydrogen peroxide will interact with 
hemoglobin to generate a hemo
protein-associatcd oxidanl capable of 
initiating lipid peroxidation (28). 
These types of reactions may be impor
tant during active episodes of ulcera
tive colitis because bleeding into Lhc 
mucosa I interstitium will release hemo
globin in proximity to phagocyte
generated hydrogen peroxide (23). In 
addition to classic reactive oxygen me
tabolites, activated neutrophils and 
monocytes a lso secrete the hemo
protein myeloperoxidase into the ex
tracellular medium where it catalyzes 
the oxidation of chloride ions by 
hydrogen peroxide to yield the highly 
reactive oxidizing and chlorinat ing 
agent hypochlorous acid (HOC[). 

H202 + er+ H+ -> H:20 + HOCI 

Hypochlorous acid has been shown 
to degrade gastrointestinal mucin, en
hance mucosa[ permeability and injure 
intestinal epithelial cells (29.30). The 

authors have recently demonstrated 
that hypochlorous acid may mediate 
intestinal epithelial cell injury indirect
ly by inactivating certain protease in

hibitors (alpha-I-protease inhibitor, 
alpha-2-macroglobulin) found in intes
tinal interstitial fluid {lymph). Figure I 
shows that intestinal lymph is extreme
ly effective at inhibiting elastase- or 
hypochlorous aci<l-me<liated cyrotoxi 
city to intestinal epithelial cells in 
vitro. If, however, lymph 1s allowed to 
first interact with physiological levels 
of hypochlorous ac id for 10 mins at 
3 7<)c, it loses its ability to protect 
epithelial cells from a subsequent chal
lenge of e lastase. The net result of these 
reactions in vivo would be uncon
trolled, hypochlorous acid-dependent 
proteolysis. 

Normally most cells and tissues are 
protected from the injurious effects of 
reactive oxygen metabolites by the ac
tion of certain antioxidant enzymes 
such as superoxide dismutase, catalase 
and glutathione peroxidase. However, 
the present authors have shown that 
the colonic mucosa contains relatively 
small levels of superoxide dismutase 
and catalase compared to other tissues 
such as the liver (3 I). Furthermore, 
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TABLE 2 
Antioxidant enzymes associated with intestinal lymph and epithelial cells 

SOD 
(units/ mg) 

Catalase 
(units/ mg) 

GSH 
(mU/ m9) 

6.8 

6.1 

Protein SH 
(nmol/ml) 

Lymph (feline) 

IEC-18 
10 
26 

046 100 
12 

Doto represent the means from duplicate determinations and ore expressed per mg of protein 
IEC· 18 Rot 1ntest1nol epithelial cells: SOD Superoxide dismutose. GSH Glufholhione: SH Sulfhydryl 
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Figure 2) Decompo.mion of the superoxide anion radical mediated by 5-aminosalicylic acid (5-ASA) 
and superoxide dismucase (SOD) TJecompo.1it1cm of supero:i.ide ( pocassium supero:i.ule) was assessed 
by measurng the decrease 111 absorbance ac 250 nm (A.mm for suf>t'roxide) ac pH 9 .0 m the absence 
or presence of superoxide dmnucase ( 20 µg/mU or 5-ASA (0.25 mM) 

they have founJ that intestinal intersti
tial fluiJ ( lymph) is Jefic1ent tn these 
enzymes compared to enterocyres 
(Table 2). The potenttal for ox1dant
inJuccJ mucosa! injury may be further 
increaseJ by the enhanced reactive 
oxygen mecaholtsm Jecermmed for 
granulocytes ohcaineJ from patients 
with active inflammatory bowel disease 
(3 2-34). Using chemiluminescence as 
an indirect measure of active oxygen 
metabolism, Keshavaman et al (3 5) 
have preliminary data to suggest that 
the inflameJ colon produces sig
nificantly more acttvc oxygen than 
Joes the healthy colon. Taken 
together, these Jata suggest that the 
inflamcJ colon may be subjecteJ to 

cons1Jerable oxidative stress which 
woulJ overwhelm the normally low 
levels of protective enzymes thus leaJ
ing to mucosa! tnJury. If this hypothesis 
is correct, then enhancing endogenous 
antioxidant levcb may prove useful in 
protecting the mucosa Junng times o( 

acrivc inflammation. One drug that has 
potent anttoxidant activity 1s 5-ASA. 

ANTIOXIDANT PROPERTIES 
OF 5-ASA 

It has heen est imated that 4XI06 

human neutroph1ls will consume ap
proximately 20 µM oxygen/min when 
fully activated, and virtually all of chis 
oxygen is converceJ to supcroxide (36). 
Although superox1de per se is not very 
reactive or cytotoxic it will interact 
with iron to generate the toxic 
hydroxyl raJ1cal (OH·). Thus, ::my 
compound that decomposes superox1de 
would attenuate superoxiJe-dependent 
formation of hyJroxyl radicals. A 
recent report by Craven et al (18) 
JemonstrateJ that 5-ASA has potent 
superox1dc d1smutase-likc activity as 
measured by its ahilit y to inhibit the 
reductton of cytochrome c hy xanchine 
oxidase-generated supemx1Je. Using a 
more Jircct assay for the dccomprn,1t1on 
o( superox1de ie, the J1recc 

spectrophntomcmc dctcrminauon ol 
the supcroxiJc anion raJical at 2 50 nm 
- it was tound that 5-ASA mtcrarn 
directly wirh supemxide, causing the 
rapid decomposition of rh1s raJ1c.tl 
(Figure 2). The disappcaram.c of super· 
oxide may occur hy two possihlc path
ways. One pathway would require the 
one electron reJuctton of supcrox1de hy 
5-ASA in the presence of protom to 
y1elJ hydrogen perox1Je. The ocher 
way in which 5-ASA may decompose 
superoxide 1s by the one electron reduc
tion of 5-ASA hy supcrox1Je to y1elJ 
oxygen. Because 5-ASA would acquire 
an (xlJ electron by either pathway tt 

would hecome, by definit ion, a free 
radical itself. The s1gn1ficancc of the"' 
observations is currently unJer mvc~
tigation in the ,tuthors' laboratory. 
Phagocytic leukocytes also produce 
large amounts of hydrogen peroxide hy 
the spontaneous or cnzymattc (super· 
oxide Jismurnse) d1smutatton of super· 
oxide: 

02· + 02 + 2H• • H:z02 + 02 

The authors have found that 5-ASA 
reacts very sluggbhly with hyJrogcn 
perox1Je anJ thus 1s unlikely to par
ticipate in the decomposition of this 
oxidant in vivo. As a lreaJy mcncumcJ. 
superoxide and hydrogen peroxide will 
interact in the presence nf mm to y1clJ 
the highly reacttve oxidant hyJroxyl 
rad ical. This nxiJant b capahlc of 
mediating the oxiJative degraJauon ol 
a varicl y of b1omolecu les, includmg 
lipid and carbohyJratcs. Work from 
several laboratoncs mcludmg the 
present authors' has Jcmonst rate<l that 
5-ASA is very effec.t1vc in scavengm~ 
the hydroxyl radical; however, the 
parent compound sulphasalazinc and 
the merabol1cally macttve metaholttes 
n-acetyl-5-ASA and sulfapyridinc are 
also equally cffecttvc (17, ,7). These 
data sugge:..t that hydroxyl radical 
scavenging docs not account for the 
therapeunc actton of 5-ASA. In con
trast with these studies, the autho~ 
have found that 5-ASA hut not 
sulphasalazine, n-acetyl-5-ASA or 
sulfapyridinc is effecrive tn inh1hit1ng 
the l1p1d perox1Jattnn (!Cso 8 µM) m-
1tiatcd hy organic peroxyl nid1u1l1 
generated from the thermal Jecompo\i· 
non of 2,2' azoh1s (am1dinopropane) 
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dihydrochloride (A-N-N-A) (Figure 
3): 

A-N-N-A--+ A + N2 + A 

A+02--+AOO· 

AOO· + LH --+ AOOH + L· 

L· +02---> LOO· 

LOO· + LH --+ LOOH + L· 

where A-, AO(} an<l AOOH repre
sent the alkyl radical, peroxyl radical 
and hydroperoxide, respectively. Be
cause lipid peroxidation is not initiated 
by the superoxide-dependent, iron
caralyzed formation of hydroxyl radical 
in this system, the inhibitory effect of 
5-ASA is due solely to its ability to 

scavenge peroxyl free radicals. These 
data agree with and extend the findings 
of Ahnfelt-Ronne and Nielson ( 19), 
who demonstrated potent scavenging 
of a nitrogen-centred free radical by 
5-ASA (ICso 5 µM) but not by sul
phasalazine or sulfapyridinc. Another 
property of 5-ASA that may contribute 
to its antioxidant activity is its ability 
to chelate iron. Olwiously, any com
pound capable of binding iron and 
rendering it poorly redox active would 
he very effective in inhibiting the for
mation of hydroxyl radicab. The 
authors have recendy JemonstrnteJ 
that 5-ASA inhibits the iron-catalyzed, 
hydroxyl radical-mediated degradation 
of deoxyribosc by chelating iron and 
preventing its interaction with super
ox1deand hydrogen peroxide (ICso 300 
µM) (37). n-Acetyl-5-ASA and 
sulphasalazinc were only mlxlestly cf
fecnvc, whereas sulfapyridine was inac
nve, suggesting a relatively selective 
effect by the therapeutically active me
tabolite. 

Myeloperoxidase-cacalyzed oxida
tion of chloride ions by hydrogen 
peroxide to yield hypochlorous acid 
represents another significant pathway 
of oxidant production in inflamed tis
sue. Recent wbrk hy von Ritter er al 
(38) demonstrated that 5-ASA, sulfo
pyricline, n-acetyl-5-ASA and sulpha
salazine are all very effective at 
scavenging hypochlorous acid in vitro 
{ICso 25 to 30 µM). However, Aruoma 
and co-workers ( 17) have shown that 
5-ASA was selective in it~ ability to 

protect alpha- I-protease inhibitor 
against inactivation by hypochlornus 
acid (ICso 400 µM) , suggesting that 

Neutrophil-derlved oxidants and gut Injury 
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Figure 3) Effects of 5-aminosalicylic acid (5-ASA), sulphasa/azine (SAZ), n-acetyl-5-ASA 
(NASA), and sulfapyrrdine (SP) on peroxyl radical-mediated lipid peroxidation L1p1d (80% 
phosphot1dyl choline) «1as incubated with the thennolahile free radical initiator 2,2'-azohis 
(amidinopro/Jane) di/1ydrochlorule for 30 mms at 31'C m the absence or presence of varymg 
concencrations of sulphasalazine or its metabolites. Lipid peroxidation um determined by measurmg 
the fonnanon of chioharhittmc acid-reacuve mbscance\ (TIIAR:S) 
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Figure 4) l::..Jfccts of 5-am111osal1cy/1c acid (5-ASA), 4-ammo.ialicylic acid ( 4-ASA), n-acetyl-5-
ASA (NASA) and mlfapyncline (SP) on mwlof,eroxidase activity. Human myeloperoxidase 
activity WlLS assessed by measuring the hydrogen /ieroxcde-deJiendent ox,dauon of 3 ,3' ,5 ,5' -
tetramethylhenzidme in the absence or presence of t'anmg concemractions of sul/ihasalazine or its 
metabolites 

some of the beneficial effects of 5-ASA 
may be due to its ability to interact 
selectively with and decompose hypo
chlorous acid in che presence of other 
biological compounds. The myelo
pcroxidase-catalyzcd formation of 
hypochlorous acid requires interaction 
between hydrogen peroxide and the 
enzyme to form a potent hcmoprotein-

,1ssociated oxidant termed 'compound 
I'. This porphyrin cation radical is a 
potent oxidizing agent capable of 
oxidizing a wide variety of biological 
compounds in addition to chloride ions: 

P-Fe3
+ + H2Qi • p-•-Fe4•=o + 01-f 

P·+·Fe4+=0 + AH • P-Fe3+ +A++ 01-f 

Where P-Fe J+, P· + Fe 4+ =0, AH and 
A·+ represent the hemoprorcin, por-
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Figure 5) Effects of 5-aminosalicylic acid (5-ASA), n-acecyl-5-ASA (NASA), sulfapyridine 
(SP), and sulphasalazine (SAZ) on hemoglobin-catalyzed lipid peroxidaaon. Lipid was incubated in 
the absence or />resence of varying amounts of sulphasalazine or its metabolites with hemoglobin (0 .02 
mM) and hydrogen peroxide (0.1 mM) for 20 mins ac 37°C. Lipid peroxidation was detennined by 
measuring the fonnation of chiobarbituric acid-reactive substances (TBA RS) 

phyrin cation radical, substrate and 
oxidized substrate, respectively. 

The present authors have found that 
5-ASA and 4-ammosalicylic acid (4-
ASA) were much more effective in 
decomposing compound I of myelo
perox1dase - and thus much more 
potent at inhibiting the activity of 
myeloperoxidasc - than sulfapyridine 
or n-acetyl-5-ASA. ICsos of 20 and 25 
µM were determined for 5-ASA and 
4-ASA, respectively (Figure 4). Ap
parently 5-ASA and 4-ASA act as al
ternative substrates for compound l, 
preferentially becoming oxidized in

stead of the substrate. It is quite possible 
that tl11S ts the reason why Ahnfelt
Ronne et al (21) detected significant 
level:; of oxidatton products of 5-ASA 
in sulphasalazine-treated patients with 
active inflammatory bowel d isease. Ir 
has also been suggested that the mter
stitial hemoglobin released during in
testinal bleeding may mediate some of 
the mucosa] injury by interacting with 
phagocyte-derived h4drogen peroxide 
to generate ferry! (Fe +) hemoglobin, a 
hemoprotein-associated free radical 
similar co mycloperoxidase compound 
I. Ferry! hemoglobin is a potent oxidant 
capable of initiating lipid peroxidation 
(28). The authors have found that 5-
ASA - and to a lesser extent sul-

phasalazine or sulfapyridine - selective
ly inhibit hemoglobin-catalyzed lip id 
peroxidation by acting as an alternative 
substrate for ferry! hemoglobin (!Cso 
50 µM) (Figure 5). These types of reac
tions may help explain observations 
made by Hoult and Page (39), who 
demonstrated enhanced production of 
certain proscaglandins by colonic 
mucosa in the presence of relatively 
small concencrntions of 5-ASA (0.5 
mM). It is known that prostaglandin 
synthetase contains two enzymatic ac
tivities, including cyclo-oxygenase and 
hemoprotein hydroperoxide peroxidase 
activities. During the enzymatic reac
tion there is progressive inhibition of 
the enzyme due to oxidative inactiva
tion of the hemoprotein peroxidase. It 
is well known that certain antioxidants 
(eg, phenolic compounds) inhibit this 
inactivation process and prolong 
prostaglandin production. Apparently 
the lipid hydroperox1de generated by 
cyclo-oxygenase (prostaglandin Gz) 
combines with the hemoprotein 
peroxidase to generate a compound I
like oxidant. In the absence of an exo
genous electron-donating substrate 
(antioxidant) the hemoprotein-local
ized free radical oxidizes certain amino 
acid residues proximal co the active 
site, which ultimately results in inac-

civation of the enzyme. It is intriguing 
to speculate that 5-ASA, by virtue of its 
antioxidant activity, may protect the 
mucosa by enhancing the formation of 
protective prostaglandins such as pros
tacyclin and/or prostaglandin E deriva
tives. Indeed recent reports suggest that 
certain prostaglandin E analogues are 
potent antiulcer compounds for the 
colon (40). 

SUMMARY AND 
CONCLUSIONS 

T here is a growing body of ex
perimental data to suggest that the 
chronically inflamed intestine and/or 
colon may be subject to considerable 
oxidative stress. The most probahle 
source of these oxidants 1s the phago, 
cytic leukocytes since these cells are 
present in large numbers in the in• 
flamed mucosa and arc known to 
produce significant amounts of reactive 
oxygen species in response to cenam 
inflammatory stimuli. Furthermore, the 
colonic mucosa contains relatively 
small amounts of the antioxidant en· 
zymes superoxide dismucase and 
catalase. If reactive oxygen species play 
an important role in mediating mucosa! 
injury in inflammatory bowel disease, 
then it should be possible to attenuate 
th is injury by the use of antioxidants. 
Indeed, Emerit et al ( 4 L) have recently 
demonstrated, in a limited clinical 
study, that intramuscular administra
tion of superoxide dismucase protected 
the intestine from inflammatory tissue 
injury in patients with refractory 
Crohn's disease. In addition, a variety 
ofantioxidant enzymes (supcroxidedis
mutase, catalase) and scavengers have 
proven useful m attenuating the 
microvascular and mucosa! injury as
sociated with chc acute intest inal in
flammation induced by ischemta (42). 
It may not he a coincidence that the 
anti-inflammatory metabolite 5-ASA 
is a potent antioxidant char possesses 
multiple mechanisms of action includ
ing nitrogen-, carbon- and oxygen
centred free radical scavenging 
properties, and the abil ity to decom
pose hypochlorou~ acid and scavenge 
hemoprotein-associated oxidants. 5-
ASA has the additional property of 
being able co chelate iron. The reason 
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that 5-ASA is so effective in vivo may 
be due to this multitude of antioxidant 
properties. This would also suggest chat 
other, more potent antioxidants may 
prove beneficial in the crearmenr of in

flammatory bowel dbeasc. 

REFERENCES 
I. Riddell RH. Pathology of 1d1<>rarhic in

flammatory howel disease. In: Km,nl'r 
JB, Shorter RG, cds. I ntlamm,1tor} 
Bowel Disease. Philadclph1a: Lea & 
Febiger, I 988: }29-50 

2. Azad-Khan Al[, Pim J, T ruclovc SC. 
An experiment ro determine the actiw 
thcrarcutic moiety of sulfasalazine. 
Lancet i 977;11:892-5. 

3. van Hees PAM, Bakker JI[, van 
TongercnJHM. Effect of sulfapyndine, 
5-aminosalicylic ;1cid. ,md rlaceb<) m 
patients with idmpath1c prnct1t1s: A 
study ro determin..: the <1ctive 
therapeutic moiety of ,ulfas,i lazinc. 
Gut 1980;2 I :632-5. 

4. Klotz U, Maier K, focher C, Hemkel 
K. TherapcutiL ..:fficacy of sulfas.ilazme 
and its metabolites in patients with ul
cerative colitis. N Engl J Med 
1980;303: 1499-502. 

5. Houle JRS, Mlxire PK. Effocts of 
sulphasalazme and ib mernholice, <>n 
prostaglandin symhcsi,. ln,1e1 ivat con 
and actiMs on smooth muscle. Br J 
Pharmacol 1980;68: 719-30. 

6. Hawkey CJ, Truelove SC. lnh1h1t1on 
of pro,raglandin synchetase m human 
rectal mucosa. Gut J 983;24:2 13-7. 

7. Stenson WF, Lobm E. Sulfasalazme 
111h1bits rhc synrhcs1s of chemorncttc 
lipids by neutrophils. J Clm Invest 
i 982;69:494-7. 

8. Allgayer 11, Srcmon WF. A com
parison of effects of sulfas,1lazinc and its 
metabolites on the merahnlism of en
dogenous vs exogenous arach1donic 
acid. lmmunophannacology 
1988; 15:39-46. 

9. Mohn L, Sccndahl 0. The effect of sul
fasalazine and its active components 
on human polymorphonuclcar 
leukocyte function in relation to ul
cerative colitis. Acta Med Scand 
1979;206:4 51-7. 

10. Neal TM, Winrerboum CC, V1ssers 
MCM. Inhibition of ncutrophil 
degranularion and superoxide pr(x.luc, 
tion by sulfasalazme: Comparison with 
5-aminosalicylic acid, sulfapyridine 
and olsalazme. Biochcm Pharmacol 
]987;36:2765-8. 

11. Miyachi Y, Yoshioka A, Imamura S, 
Niwa Y. Effect of sulphasalazmc and its 
mecabolires on rhe generation of reactive 
oxygen species. Gut 1987;28: 190-5. 

12. Carlin G, Djursater R, Smedegard G. 
Inhibitory effects of sulfasalazmc and 

related compounds on superox1de 
production by human pnlymorpho
nudear leukocytes. Pharmacol Tox1col 
!989;65:121-7. 

13. Stenson WF, Mehta J, Spilberg I. Sulfa
salazinc mhihmon of bmding of n-for
m y I-met h 1onyl-leucy l-phrnylalan inc 
(FMLP) to its receptor nn human 
neurmph1b. B10chem Pharmacol 
1984; 33:407-12. 

14. MacDermou RP, Schloemann SR, 
Rerrov1ch MJ, N,ish GS, Peter, M, 
Stcnson WF. lnh1h1t1nn of anuhndy 
>l'cretion h) 5-ammosalicylic acid. 
Ga,trncnterology 1989;96:442-8. 

15. Carlin G, Diursatcr R, Smedegard G, 
Gerdin B. Effccr of anri -mtl,unmatory 
drugs nn xanrhme ox1dasc induced 
depolymerization of hyaluronic acid. 
Agents Acnnns 1985;16:377-84. 

16. Betts WH, Whm.:house MW, C leland 
LG, Vcrnon-Rohcris B. In vitro nnti
ox1dant propert10.:s of rocential b10-
transformattllll products of saltcylmc, 
sulphasalazine and amiJoryrine. Free 
Radie Biol Med ! 985; 1:273-80. 

17. Anioma 01, Washil M. I lallnwll 1\ 
Hney BM, Bueler J. The sL~l\"engmg of 
oxid:mcs by sulphasalazme and m meta
hol1res: A p,>ssible contnhution to 

rheir anr1-mtlammatory effects? 
Bioch..:m Pharmacol 1987;36:3739-42. 

18. Craven PA, Pfanstiel J, Saito R. 
DeRuhcms FR. Actions of sulfas:ila:me 
and 5-ammnsalicylic ,1cid as reactive 
oxygen scavengers in the suprressinn 
of bile acid-induced increases in 
colonic epithelial cell loss and 
proliferative activity. Gastmenrerology 
1987;92: [ 998-2008. 

19. Ahnfelc-Rnnne !, Nielsen OH. The 
ant 1-intlammatory moiety of sulfa
salazine, 5-aminos.ilicylic acid. 1s a radi
c;i[ scavenger. Agents Acttons 
!987;21:191 -4. 

20. Dull BJ, Salata K, Van L1.ngcnhovc A, 
Goldman P. 5-ammosahcylatc: Oxida
tion by activated leukocytes and 
procccnon of cultured cells from ox1da
t1ve damage. Biochem Pharmacol 
1987; 36:2467-72. 

21. Ahnfelt-Ronnc I, Nielsen OH, 
Christensen A, Langholz E, Reis P. 
Clinical evidence supporting the radi 
cal scav..:ngcr mechanism of 5-amino
saltcylic acid. Gastrocnrcrology 
1990;98:1162-9. 

22. Grisham MB. Antioxidant pmrertics 
of 5-aminosalicylic acid toward 
ncutrophil-derived oxidants. In: Mac
Dermott RP, ed. Inflammatory Bowel 
Disease: Current Status and Future Ap
proach. Amsterdam: Elsevier Science 
Publishers, 1988:261-6. 

23. Grisham MB, Granger ON. 
Neutrophil-mediated mucosa[ injury: 
Role of reactive oxygen metabolites. 
DigD,sSci 1988;33:6-15. 

CAN J GA~TROENTEROL VOL 4 No 7 NL1VEMBER 1990 

Neutrophil-derived oxidants and gut injury 

24. Grnham MB, Granger DN. 5-ammo
salicylic acid concentration m mucosa! 
intcrsrn1um ot cat small and large mtes
tme. Dig D1s Sci 1989;34:573-8. 

25. Sharon P, Stenson WF. Enhanced syn
thesis of leukotncne 134 by colonic 
mucosa m mtlanunawry bowel disease. 
Gasrmcntcrology I 984;86:453-60. 

26. Wcngrowcr D, Eliakim R, Karmeli F, 
Razin E, Rachmilcwitz D. Pathogenesis 
of ulccrnnvc coltm: Enhanced colon1L 
fonnauon of inositol rhosrh,1rase (IP) 
and platelet act1vat111g factor. 
Gn,croc.:nterology 1987 ;92: 1691 . 

27. Grisham MB, McCord JM. Chcmimy 
and cytorox1cny ,if reactive oxygen mc
wholicc,. In: Tayler AE, Matalon S, 
Ward P, eds. Phys1okigy of Oxygen 
Radicals. Bethesda: American 
Physinlog1cal Society, 1986: 1-18. 

28. Kanner J, I larel S. Initiation of 
memhrnnal lipid pernx1dauon by 
activated metmyoglohm and 
methcmoglobm. Arch B1ochem 
Biorhys 1985;237:314-2 1. 

29. Roberts GP, Gihhons RA. The ,1Ctt1ln 
of neutral hypochlonte on ep1thclrnl 
mucopolysacchariclcs. Biochem J 
l 966;98:4 26- 3 7. 

10. Gmham MB. Gaginella TS. vnn Ritter 
C, Tamai H, &, RM, Gr,mger DN. The 
effect, of neutmrhil-denveJ oxidant., on 
Lntestinal pcm1eability, electrolyte 
rrnn,('l<irt ,md epithelial cell viability. ln
flammanon 1990;14:531 -42. 

l l. Grisham MB, MacDermott RP, £\:itch 
EA. Antioxidant emyme activmes 111 1hc 
hum.in colon. lntlammattnn. ( In rrcss) 

32. Anton PA, Targan SR, Shanahan F. 
F-Mct-Lcu-Phc induced chcmilummcs
cencc and h1ndmg m ncutrorhils from 
rauents with mtlammacory bowel 
di,e::i,e. ln: Mad)ermon RP, ed. 
Inflammatory Bowel Disease: Current 
Conccrn, .md Future Approach. 
Amsterdam: Excerpta Med1ca, 
1988:285-90. 

B. Kitahora T, Suzuki K, Asakura H, 
c1 al. Active oxygen srcc1es generated 
by monocytes and polymorphonuclear 
leukocytes m Crohn 's disease. D1g Dis 
Sc, 1988;33:951 -5. 

34. Sh1rabata Y, Aoki S, Takada S, ct al. 
Oxygen derived free radical generating 
capacity of PMN in patients with 
ulcerative colitis. 01gcsnon 
1989;44: 163-71. 

35. Keshavar.ian A, Kanofsky JR, Ibrahim 
CM, Doria Ml. Excessive generation of 
reactive oxygen metabolites by colonic 
mucosa in experimental colitis: 
Analysis by usmg chemiluminescence 
probe. FASEBJ 1990;4:76!. (Abst) 

36. T aubcr Al, Babior BM. Neurrophil 
oxygen reduction: The enzymes and 
the products. Free Radie Biol Med 
1985; 1 :265-307. 

37. Grisham MB. Effect of 5-ammo-

301 



y AMA ()A et al 

sa licylic ac id on fe rrous , ulfa te
meJiated J amage to deoxyribrn,e. 
Biochem Pharmacol l 990; 39:2060- 3. 

38. von Ri ner C, G risham MB, Granger 
DN . Sul fasa laz ine meraho lires anJ dap
sone attenuate fmmyl-meth1onyl
leucyl-phenylalanine- induceJ mucmal 
injury in rat ileum. Gasrroenrerology 
1989;96:8 l 1-6. 

302 

39. Hoult JRS, Page H. 5-ammosalicylic 
ac1J, a co-factor for colonic prosta
cycl in synthesis? Lancer I 98l;ii :255. 

40. Fednn1k RN, Empey LR, MacArthur 
C, Jewe ll LD. Misoprosrol provide~ a 
co lonic mucosa[ protective effect 
during acetic acid-induced coli t is 111 

nus. Ga,t rocntcrnlogy 1990;98:6 l 5-
25. 

4 1. Emern J, Pelletier S, Toson 1-Vcrl1gnue 
D, M11llet M. Phase II trial uf wpper 
zmc ~upemx1Je Jrsmuta~e (CuZnSOD) 
m lrcacnwnr nfCrohn'~ d isease. Free 
Ra<l,c Biol Med 1989;7:145-9. 

42. Gmngcr DN. Role of x,1nrhine nxiJasc 
and granulocytcs m 1~chemia-rcper
fusion mjury. Am J Physrol 
L 988;255: 1269-75. 

CAN J GASTilOENTEROL VOL 4 No 7 NOVEMBER 1990 



Submit your manuscripts at
http://www.hindawi.com

Stem Cells
International

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

MEDIATORS
INFLAMMATION

of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Behavioural 
Neurology

Endocrinology
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Disease Markers

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

BioMed 
Research International

Oncology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Oxidative Medicine and 
Cellular Longevity

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

PPAR Research

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Immunology Research
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal of

Obesity
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 Computational and  
Mathematical Methods 
in Medicine

Ophthalmology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Diabetes Research
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Research and Treatment
AIDS

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Gastroenterology 
Research and Practice

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Parkinson’s 
Disease

Evidence-Based 
Complementary and 
Alternative Medicine

Volume 2014
Hindawi Publishing Corporation
http://www.hindawi.com


