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peroxidation in the presence of vitamins C and E

Elisabete Gongalves ?, Leonor M. Almeida *°, Teresa C.P. Dinis *>*

& Laboratério de Bioquimica, Faculdade de Farmacia, Universidade de Coimbra, R. do Norte, 3000 Coimbra, Portugal
® Centro de Neurociéncias, Universidade de Coimbra, 3000 Coimbra, Portugal

Received 15 April 1998; received in revised form 25 June 1998; accepted 26 June 1998

Abstract

It is now recognized that the antioxidant defences in the colonic mucosa from patients with inflammatory bowel
disease (IBD) are particularly low. On account of this we studied the antioxidant capacity of 5-ASA, the first choice
therapy in this pathological situation, in combination with the endogenous antioxidants vitamins C (ASC) and E
(a-tocopherol («-T)) against lipid peroxidation in phosphatidylcholine (PC) liposomes as a model membrane. The
oxidative process was initiated by peroxyl radicals generated at different sites in liposomes by thermal decomposition
of azocompounds. 5-ASA interacts additively with ASC in the protection of membranes against peroxyl radicals
generated in the aqueous phase, as evaluated by the oxygen consumption or formation of conjugated dienes. HPLC
analysis of 5-ASA indicates that this drug is consumed at a constant rate throughout the oxidation reaction, but in
the presence of ASC there is a lag phase of its consumption, denoting that ASC affords an efficient protection to
5-ASA. On the other hand, 5-ASA and ASC cooperate, in an additive way, in the protection of «-T. When the
oxidation starts within the membrane, «-T is the preferential target of peroxyl radicals, but 5-ASA and ASC also
interact additively in sparing of «-T, increasing not only the inhibition period of oxidation reaction, but also
decreasing significantly the rate of «-T consumption. © 1998 Elsevier Science B.V. All rights reserved.
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1. Introduction as a first choice therapy in the treatment of infl-
ammatory bowel diseases (IBD) (Rhodes et al.,
5-Aminosalicylic acid (5-ASA) is the drug used 1997). Among the multiple mechanisms of action

of 5-ASA, its antioxidant activity is obviously

important, considering that reactive oxygen spe-
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gastrointestinal tract (Conner et al., 1996;
Nielsen and Rask-Madsen, 1996).

Actually, it has been accepted that ROS are
produced in excess by the inflamed mucosa,
whose predominant sources are probably acti-
vated mucosal phagocytic leukocytes (Grisham
and Granger, 1988). Excess production of ROS
may exceed cellular cytoprotective mechanisms
and may be highly toxic to cells, being related
with the tissue injury developed in the intestinal
mucosa of IBD patients (Keshavarzian et al.,
1992).

On the other hand, as in the colonic mucosa
there is relatively low tissue levels of endogenous
antioxidants, it has been suggested that the effi-
cacy of the treatment could be related to the
drug antioxidant action (Lih-Brody et al., 1996;
Millar et al., 1996). Indeed, the ability of 5-ASA
in scavenging different reactive species produced
during inflammation, such as superoxide radicals
(Allgayer et al., 1994), hydroxyl radicals (Ahn-
felt-Ronne et al., 1990), hydrogen peroxide
(Miles and Grisham, 1994), hypochlorous acid
(Aruoma et al., 1987) and peroxyl radicals (Dinis
et al., 1994), has already been reported.

Beyond its direct antioxidant activity against
such reactive species, 5-ASA could also play an
important role by interacting with endogenous
antioxidants. Previously, we have demonstrated a
potential synergistic interaction between 5-ASA
and vitamin E («-tocopherol («-T)), the major
lipid-soluble antioxidant in protecting lipids from
peroxidative damage (Gongalves et al., 1998).
Since recent investigations have shown that the
proportion of reduced ascorbate present in the
mucosa from IBD patients is very low (Buffinton
and Doe, 1995a), in this work we explored the
possible interactions between 5-ASA and vitamin
C (ascorbic acid) against lipid oxidation. 5-ASA
and ascorbic acid (ASC) are hydrophilic com-
pounds with the same location relative to the
membrane, so a putative cooperation between
them could be another important contribution to
the action mechanism of 5-ASA in IBD. More-
over, 5-ASA and ASC, each one per se, protect
o-T from radical attack, so when combined such
an effect may be strongly enhanced.

Thus, the aim of this work was to study the
potential cooperative interaction between 5-ASA
and vitamin C (ASC) against lipid oxidation in
soybean phosphatidylcholine liposomes, used as
a membrane model system, with or without «-T,
induced by peroxyl radicals generated either in
the aqueous phase or in the lipid phase, by ther-
mal decomposition of 2,2'-azobis-(2-amidinopro-
pane hydrochloride) (AAPH) or 2,2"-azobis-(2,4-
dimethylvaleronitrile) (AMVN). The azocom-
pounds AAPH and AMVN are excellent free
radical initiators for the quantitative study of
lipid peroxidation and its inhibition, because
they are able to generate peroxyl radicals at a
known and constant rate and at a specific site
(Niki, 1990). Therefore, depending on the azoini-
tiator used, it is possible to clarify the inhibitory
behaviour of the antioxidant tested against lipid
peroxidation. The extent of membrane lipid oxi-
dation was followed by measuring the oxygen
consumption and conjugated diene hydroperox-
ides production and, additionally, to complement
the study, HPLC determinations of 5-ASA and
o-T were performed throughout the oxidation
reaction.

2. Materials and methods
2.1. Chemicals

Commercial  soybean  phosphatidylcholine
(PC), 5-ASA and «-T were obtained from Sigma
(St. Louis, MO). Ascorbic acid (ASC) was ob-
tained from Fluka (Switzerland). The azocom-
pounds 2,2'-azobis(2-amidinopropane hydrochlo-
ride) (AAPH) and 2,2'-azobis(2,4-dimethyl-
valeronitrile) (AMVN) were purchased from
Polysciences (Warrington, PA). AAPH was used
as supplied and AMVN was used after purifica-
tion by recrystallisation in cold methanol. All the
other reagents and chemicals were of analytical
grade for biochemical purposes or HPLC grade.
In order to prevent metal contamination, all the
solutions were prepared in ultrapure MilliQ wa-
ter. 5-ASA and ASC solutions were prepared
freshly every day, protected from light and main-
tained in ice during the experiments.
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2.2. Liposome preparation

Soybean PC unilamellar or multilamellar lipo-
somes were used as suitable membrane models for
lipid peroxidation studies.

2.2.1. Multilamellar vesicles (MLVs)

Multilamellar liposome suspensions were pre-
pared by adding aliquots of chloroformic solution
of soybean PC and, when required, aliquots of
stock solutions of the lipophilic additives AMVN
and «-T, in a pear-shaped flask. Solvents were
evaporated slowly, in a rotary evaporator, to ob-
tain a thin film on the flask wall. An appropriate
amount of phosphate-buffered saline solution (20
mM Na,HPO,, 100 mM NaCl, pH 7.4) (PBS)
containing 100 uM ethylenediaminetetraacetic
acid (EDTA) was added into the flask and the
film was peeled off by vortexing to obtain a milky
aqueous suspension of multilamellar liposomes
(MLYVs) (Yamamoto et al., 1984).

2.2.2. Large unilamellar vesicles (LUVs)

Unilamellar liposomes (LUVs) were prepared
by extrusion of the MLV suspension, using the
Avestin Liposofast (Avestin, Ottawa, Canada)
small-volume extrusion device, provided with a
polycarbonate membrane 200 nm pore size. After
seven extrusion steps, back and forth, by simply
applying a manual pressure, the resulting LUV
suspension proved to be a homogeneous popula-
tion of large unilamellar liposomes, as measured
by photon correlation spectroscopy (MacDonald
et al., 1991; Fiorentini et al., 1994)

2.3. Lipid peroxidation procedures

Lipid peroxidation of soybean PC liposomes
was induced initially either outside or within the
bilayer by peroxyl radicals, generated at a con-
stant rate, by thermal degradation of azocom-
pounds (Niki, 1990), in the presence or absence of
antioxidants and followed by measuring the oxy-
gen consumption and conjugated diene hydroper-
oxides production (Slater, 1984).

Unilamellar liposomes (LUVs) were used when
lipid peroxidation was stimulated in the aqueous
phase, outside the vesicle, by AAPH at 37°C in

air. When AMVN was the initiator, we could not
incorporate it into the unilamellar structure in the
required concentration, so multilamellar lipo-
somes (MLVs) were used as membrane models,
and the oxidation reactions were carried out at
56°C in air. The water-soluble compounds, 5-ASA
and ASC, were added, when necessary, in a mini-
mum volume of a PBS solution containing 100
uM EDTA, immediately before starting the oxi-
dation reaction.

2.3.1. Oxygen consumption

The rate of oxygen consumption was measured
continuously with a Clark-type oxygen electrode
(YSI Model 5331, Yellow Springs Inst.) provided
with an automatic recording apparatus. The reac-
tion mixture was introduced in a closed glass
vessel protected from light, thermostatted and
maintained under agitation with a magnetic stir-
rer. When AAPH was used as initiator, reactions
were started by addition of AAPH (10 mM final
concentration), in a small volume of PBS, to 1 ml
of LUV suspension (800 M PC) (Dinis et al.,
1994). 5-ASA and ASC were added 1 min before
the addition of AAPH, and the vessel was always
kept at 37°C. When AMVN (500 ¢M final con-
centration) was used as initiator, the reactions
were started when the MLV suspension (1.5 mM
PC) attained the reaction temperature inside the
vessel thermostatted at 56°C. The hydrophilic an-
tioxidants were added immediately before this
starting point.

2.3.2. Conjugated diene hydroperoxide production

Soybean PC liposomes (5 mM final concentra-
tion) were incubated in a water bath under air, at
37 or 56°C, depending on the azocompound used,
AAPH (20 mM) or AMVN (1.67 mM), respec-
tively. Aliquots of liposomes (20 ul) were taken at
10-min intervals and dissolved in 2 ml of absolute
ethanol directly in 1 cm (light path) quartz cu-
vettes (Tesoriere et al., 1996). The reference cu-
vette lacked the liposome suspension but
contained an identical volume of PBS buffer. At
the oxidation time intervals, spectra were then
recorded in the range 210-300 nm, using a
Perkin-Elmer Lambda 6. Conjugated diene hy-
droperoxide production was evaluated by the
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height of the minimum peak at 233 nm (in arbi-
trary units) in the second derivative difference
spectra, which allowed the resolution of the shoul-
der at 233 nm in the absorbance spectra (Coro-
ngiu et al., 1989). The difference spectra were
obtained after subtracting the spectra recorded at
‘time 0’ from those recorded at different times.
The addition of 5-ASA or ASC to the liposomal
system was performed in a similar way to that
described above for oxygen consumption
experiments.

The inhibition periods in the presence of 5-
ASA, ASC or «-T, individually or combined,
were determined graphically from the profiles of
oxygen consumption or of conjugated dienes for-
mation by the coordinates of the interception of
the tangents to the inhibited and uninhibited rates
of oxidation.

2.4. HPLC analysis of 5-ASA and a-T

The consumption of either 5-ASA or «-T dur-
ing lipid peroxidation was followed by HPLC
(Beckman System Gold, UV detector model 166),
using a Lichrospher 100 RP-18 (particle size, 5
um) column (125 x 4 mm Merck). For «-T analy-
sis the mobile phase consisted of methanol
(100%), at a flow rate of 2 ml/min, and UV
detection at 290 nm (Lang et al., 1986), while for
5-ASA the eluent was 0.1 M KH,PO, (pH 4.4)/
methanol (95:5 by volume), at a flow rate of 1
ml/min (Fischer and Klotz, 1994), and UV detec-
tion at 240 nm. These determinations were per-
formed in parallel with the oxygen consumption
and, therefore, the experimental conditions of oxi-
dation reaction were those stated for this assay.
o-T was previously extracted from the membranes
essentially as reported by Burton et al. (1985).
Briefly, a 2-ml aliquot of the liposome suspension
was removed, at different oxidation times, from
the reaction mixture and immediately extracted
into hexane. After extraction, an exact volume of
the organic phase was removed, evaporated and
the lipidic extract was dissolved in a minimum
volume of methanol (200 ul). For 5-ASA analysis,
2-ml aliquots of liposome suspension were also
taken from the reaction mixture, at different times
along the oxidation reaction, and submitted to

ultracentrifugation in a Beckman TL-100 ultra-
centrifuge (Beckman Instruments, Palo Alto, CA),
at 90000 rpm, for 1 h at 4°C. Under these condi-
tions, no lipid was detected in the supernatant, as
revealed by spectrophotometric analysis (data not
shown). The samples were stored at — 80°C until
HPLC analysis.

3. Results

3.1. AAPH-induced oxidation of soybean PC
liposomes

3.1.1. Inhibitory effects of 5-ASA in combination
with vitamin C

The antioxidant activity of 5-ASA, in combina-
tion with ASC, against the oxidation of soybean
PC liposomes initiated in the aqueous phase, by
thermal degradation of AAPH, is shown in Fig. 1.
The results indicate the effects obtained in the
absence (control) and presence of 5-ASA and
ASC, either alone or combined, on the rates of
oxygen uptake (A) and on the conjugated diene
hydroperoxides formation (B). The generation of
peroxyl radicals from AAPH induces a significant
oxidation of phosphatidylcholine, as indicated by
the appreciable rates of oxygen uptake (A) and of
production of conjugated dienes (B), since they
are able to subtract hydrogen atoms from polyun-
saturated acyl chains, yelding lipid radicals that
lead to the propagation reactions. Either 5-ASA
or ASC scavenge efficiently the peroxyl radicals
initially generated in the aqueous phase. Actually,
clear initial inhibition periods (lag phases) of ei-
ther oxygen consumption (A) or production of
conjugated dienes (B) are detected in the presence
of 10 uM 5-ASA or ASC, which are followed
with a resumption of the propagation rate, i.e. the
oxidation proceeds at a similar rate to that with-
out antioxidants. Therefore, a typical chain-
breaking antioxidant behaviour is observed for
both antioxidants, which is, according to previous
data, related to their antioxidant properties
(Beyer, 1994; Dinis et al., 1994; Gongalves et al.,
1998). Additionally, as evidenced in Fig. 1, 5-ASA
suppresses the lipid oxidation more efficiently
than ASC, causing a longer initial lag phase, in
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both assays. Moreover, under similar experimen-
tal conditions, the combination of 5-ASA and
ASC leads to an additive antioxidant effect. In
fact, as documented in Fig. 1, when we tested the
two compounds together, the length of the initial
inhibition period was close to the sum of the
individual inhibition periods produced by each
one. Therefore, the two hydrophilic antioxidant
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Fig. 1.

compounds react with the peroxyl radicals gener-
ated in the aqueous phase from AAPH, but their
effects are only additive, i.e. both compounds act
independently of each other.

3.1.2. Inhibitory effects of 5-ASA in combination
with vitamins C and E

As shown in Fig. 2, the incorporated o-T (2.5
1M) alone (control) induces an initial lag phase of
the oxygen consumption revealing the capacity of
o-T to scavenge efficiently the peroxyl radicals
generated in the aqueous phase. This initial inhi-
bition period, due to «-T (13 min), increases when
we add to the lipid suspension, just before AAPH,
5-ASA or ASC (10 gM), individually or in combi-
nation. The increases in the lag phase due to «-T,
by 5-ASA (15 min) or ASC (19 min) individually,
are according to the results previously reported
(Doba et al., 1985; Gongalves et al., 1998).

When the two hydrophilic compounds are
added together, the extent of the inhibition period
(45 min) is the sum of the individual effects in this
liposomal system, i.e. similar to the results re-
ferred to above, only an additive inhibition is
observed.

Identical results have been obtained by measur-
ing the lipid oxidation by the production of conju-
gated dienes (results not shown).

Fig. 1. Inhibition of AAPH-initiated oxidation in soybean PC
liposomes by a combination of 5-ASA and ASC, as measured
by oxygen consumption (A) and formation of conjugated
dienes (B). (A) Rates of oxygen consumption during PC
oxidation (800 M) by AAPH (10 mM), added at time zero to
lipid suspensions, in the absence (control) and presence of 10
uM 5-ASA or 10 uM ASC, individually or together (10 uM
5-ASA + 10 uM ASC). The dashed line represents a control
experiment in the absence of liposomes. The arrows indicate
the inhibition times of oxygen consumption (10 min for ASC,
15 min for 5-ASA and 25 min for ASC + 5-ASA). (B) Forma-
tion of conjugated dienes as a function of time, as evaluated
by second derivative spectrophotometry in the absence (con-
trol, @) or presence of 10 uM ASC (O), 10 uM 5-ASA (L)
and 10 uM 5-ASA + 10 uM ASC (A). Experimental condi-
tions are described in Section 2. The graphics show typical
experiments representative of at least three independent experi-
ences.
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Fig. 2. Effects of 5-ASA and ASC on AAPH-initiated oxida-
tion of PC liposomes containing «-T (2.5 uM) previously
incorporated. Rates of oxygen consumption during lipid oxi-
dation in the absence (control) and presence of 10 uM 5-ASA,
10 uM ASC and 10 M 5-ASA + 10 uM ASC. The arrows
indicate the inhibition times of oxygen consumption due to the
presence of «-T alone (13 min), and combined with 5-ASA (28
min), and ASC (32 min), individually or together (45 min).
Experimental conditions are described in Section 2. Record-
ings are representative assays of at least three independent
experiments.

3.1.3. Consumption of 5-ASA and o-T
Antioxidant consumptions were evaluated
throughout the oxidation reaction by HPLC anal-

Fig. 3. Time courses of the 5-ASA consumption during
AAPH-induced peroxidation in the absence (A) and presence
of 10 uM ASC (A) in PC liposomes without (A) or with -T
(B). (A) The oxidation reaction was carried out in soybean PC
liposomes and 5-ASA and ASC were added before starting the
oxidation reaction. (B) The reaction was performed in the same
experimental conditions, but the liposomes contained 2.5 uM
o-T previously incorporated. Liposomes (800 uM PC) were
exposed to 10 mM AAPH and, at indicated times, aliquots were
withdrawn for 5-ASA extraction and HPLC measurement, as
indicated in Section 2. Note that when ASC is absent in the
reaction medium, the consumption of 5-ASA is rapid and
almost linear. However, in the presence of ASC, an inhibition
period (20 min) in the 5-ASA consumption occurs, either in the
absence or presence of a-T. Each point in the curves represents
the mean of triplicate results. Deviations are generally encom-
passed by the size of the symbols.

ysis, as indicated in Section 2. 5-ASA determina-
tions were performed either when 5-ASA was
used alone or combined with the two endogenous
antioxidants, vitamins C and E. Fig. 3 shows the
time courses of 5-ASA consumption in the ab-
sence (open symbols) and presence of ASC (full
symbols) during AAPH-induced lipid peroxida-
tion in soybean PC liposomes without (A) or with
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o-T previously incorporated into the membranes
(B). Independently of the presence of «-T, 5-ASA
is consumed, at a constant rate, throughout the
oxidation reaction, evidencing the efficient ability
of 5-ASA to trap peroxyl radicals generated from
AAPH thermal decomposition. However, when
we add ASC to the reaction mixture, a clear lag
phase (approximately 20 min) of 5-ASA con-
sumption can be detected, either in the presence
(Fig. 3B) or absence (Fig. 3A) of «-T. These
results indicate that ASC reacts with peroxyl radi-
cals faster than 5-ASA, protecting this compound
from the attack of radicals when both compounds
are simultaneously in the hydrophilic region of
the liposomal system.

Moreover, in the assays with liposomes con-
taining «-T, we also followed the «-T consump-
tion throughout the oxidation reaction by HPLC
analysis. As shown in Fig. 4, when 5-ASA and
ASC are combined, a relatively long inhibition
period of a-T consumption is observed. However,
the extent of this protective period is only similar
to the sum of the individual lag periods due to
ASC and 5-ASA separately. Therefore, these re-
sults correlate well with those obtained by the
oxygen consumption assay (Fig. 2) and prompted
us to conclude that 5-ASA and ASC inhibit, in an
additive manner, the lipid peroxidation initiated
in the aqueous phase, sparing «-T incorporated
inside the membranes from radical attack.

3.2. AMVN-induced oxidation of soybean PC
liposomes

3.2.1. Combination of 5-ASA with vitamins C
and E

To clarify the potential cooperative interactions
between 5-ASA and the endogenous antioxidants
ascorbic acid and «-T, we also studied the com-
bined inhibitory effects of the hydrophilic com-
pounds 5-ASA and ASC, against the lipid
oxidation initiated by peroxyl radicals generated
inside the lipid bilayer in PC liposomes containing
a-T. Fig. 5 shows the results obtained when we
evaluated the lipid oxidation by the measurement
of oxygen consumption. As formerly demon-
strated, o-T suppresses efficiently the initial rate
of oxygen consumption, producing a clear inhibi-

-
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10 uyM
20+ 5-ASA
Control 5-ASA+ASC
1 10 uM ASC
o T ' Ll I T I Ll I T I
0 20 40 60 80 100
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Fig. 4. Time courses of the consumption of «-T in soybean PC
liposomes (800 uM PC, 2.5 uM «-T) during AAPH-induced
peroxidation in the absence (®) and presence of 10 uM ASC
(O), 10 uM 5-ASA (A) and 5-ASA + ASC (A) added just
before starting the oxidation reaction with AAPH. Note that,
in the presence of the hydrophilic compounds, an inhibition
period in the consumption of «-T occurs. Each point repre-
sents the mean of triplicate assays, with an error lesser than
3%.

tion period on the initial rate of oxidation (10
min). Furthermore, when we add each hydrophilic
antioxidant, 5-ASA or ASC, separately, to the
liposome suspension, an increase in the inhibition
period is obtained for each one (7 and 10 min for
5-ASA and ASC, respectively). On the other
hand, a longer prolongation of the inhibition
period, due to «-T, is detected when 5-ASA and
ASC are added, together, to the same liposomal
preparation. However, this additional period of
time (16 min) is only similar to the sum of the
prolongations due to each hydrophilic antioxi-
dant, independently. Identical results were ob-
tained by measuring formation of conjugated
diene hydroperoxides (results not shown).

3.2.2. Consumption of a-tocopherol

Additionally, we measured the «-T consump-
tion during the oxidation reaction, in the absence
or presence of 5-ASA and ASC. The results ob-
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Fig. 5. Effects of 5-ASA and ASC on AMVN-induced oxida-
tion of PC liposomes (1.5 mM PC) containing «-T (2.5 uM).
Rates of oxygen consumption during lipid oxidation in the
absence of the hydrophilic compounds (control) and presence
of 25 uM ASC, 25 uM 5-ASA and 25 uM 5-ASA +25 uM
ASC, as indicated beside the traces. The arrows indicate the
inhibition time of oxygen consumption due to «-T alone (10
min) and in combination with ASC (17 min) or 5-ASA (20
min), separately or together (26 min). Experimental conditions
are described in Section 2. Recordings are representative as-
says of at least three independent experiments.

tained are shown in Fig. 6, indicating that neither
5-ASA nor ASC have the ability to protect, effi-
ciently, «-T from the attack of peroxyl radicals
initially generated in the lipid phase. In fact, only
a monotonic decrease in the o-T consumption rate
can be observed when the hydrophilic compounds
are added to the aqueous phase. In contrast with
the results obtained when peroxyl radicals were
formed in the aqueous phase (Fig. 4), no initial
inhibition period of the «-T consumption is de-
tected. When 5-ASA and ASC are tested together,
a higher decrease in the oxidation rate of o-T occurs
as compared with the rates obtained with each
compound individually.

4. Discussion

We have previously shown that 5-ASA is highly

effective against membrane peroxidation as well as
an efficient scavenger of peroxyl radicals (Dinis et
al., 1994). Recently, we have also demonstrated
that 5-ASA potentiates the antioxidant capacity of
vitamin E (Gongalves et al., 1998). On the other
hand, ASC is known to protect o-T from oxidation
directly or by the «-tocopheroxyl radical recycling,
an important mechanism of antioxidant capacity of
membranes (Bisby and Parker, 1995). Thus, the
present study of the combined effects of 5-ASA and
ASC on AAPH- or AMVN-induced lipid peroxida-
tion of PC liposomes, with «-T previously incorpo-
rated, seem interesting to us, since in IBD there is
not only an increase in the production of ROS, but
also a decrease in the antioxidant defences, partic-
ularly in the content of ascorbic acid (Buffinton and
Doe, 1995a,b).

5-ASA and ASC are hydrophilic compounds
located outside the membranes, in the aqueous

% of a-TOCOPHEROL

5-ASA+ASC

0- Control Q25 uM ASC
. 25 uM 5-ASA
' I ' 1 ' 1 ! I ! | ! 1
0 10 20 30 40 50 60
TIME (min)

Fig. 6. Rates of «-T consumption along the oxidation of PC
liposomes (1.5 mM PC, 2.5 uM «-T) initiated by AMVN (500
#M), at 56°C in the absence (®) and presence of 25 uM
5-ASA (A), 25 uM ASC (O) and 25 uM 5-ASA +25 uM
ASC (A). The points represent the means of three experi-
ments. Deviations are generally encompassed by the size of the
symbols.
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region, where the peroxyl radicals are generated
from AAPH, at a constant flux (Niki, 1990).
Thus, in the concentrations used, 5-ASA and ASC
are the first targets of the radical attack, reacting
with them independently according to their reac-
tivities. This explains the additive effects observed
in the lag phases of oxygen consumption and of
production of conjugated dienes when combined,
indicating that the antioxidant-derived radical
species are devoid of oxidant activity. The mea-
surements of 5-ASA and «-T throughout the oxi-
dation reaction confirm the preferential attack of
peroxyl radicals to 5-ASA and ASC before start-
ing the «-T and lipid oxidation, evidencing also a
higher reactivity of ASC than of 5-ASA to the
radicals, as elicited from the protection afforded
by ASC to 5-ASA degradation (Fig. 3).

When the peroxyl radicals are generated ini-
tially in the lipophilic domain of the membranes,
the results also clearly support an additive interac-
tion between the two hydrophilic compounds in
the prolongation of the lag phase of oxygen con-
sumption due to «-T (Fig. 5). As has previously
been reported, 5-ASA and ASC per se do not
protect significantly the membrane lipids from
AMVN-induced lipid peroxidation, but potentiate
drastically the antioxidant activity of «-T incor-
porated in membranes (Niki, 1987; Gongalves et
al., 1998). However, the effectiveness of the 5-
ASA and ASC combination in extending the inhi-
bition time of the oxidation reaction due to «-T is
only additive. Neither 5-ASA nor ASC, located in
the aqueous phase, are able to efficiently scavenge
radicals generated within the lipid region, but
decrease the rate of «-T consumption (Fig. 6)
extending the time required to start lipid oxida-
tion (Fig. 5).

In conclusion, although 5-ASA is chemically
less reactive toward peroxyl radicals than ASC,
and does not present any synergistic interaction
with this endogenous antioxidant at the concen-
trations used, it may act as a very effective radical
scavenging antioxidant, especially in the hy-
drophilic domain of the membranes. Despite it
being debatable whether the enhanced production
of ROS, in the colonic mucosa of patients with
IBD, is a cause or a consequence of the disease,
these species are produced in excess by the infl-

amed mucosa, and the efficacy of the treatment
will be undoubtedly related with the antioxidant
activity of the drug used. Thus, our data clearly
point to the beneficial effects of 5-ASA in the
treatment of IBD, not only by the direct antioxi-
dant effects related with the scavenging of radical
species, but also by the increase in the antioxidant
capability of mucosa. Considering the increased
oxidative stress and decreased antioxidant de-
fences of mucosa in inflammatory bowel diseases,
this dual ability of 5-ASA may be very important
for its therapeutic effects.
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