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ABSTRACT

Trolox is a hydrophilic analogue of vitamin E and a free radical
scavenger. Ethanol diminishes the amplitude of spontaneous con-
tractions and acetylcholine (ACh)-induced contractions in rabbit duo-
denum. The aim of this work was to study the effect of trolox on
the alterations induced by ethanol on contractility and lipid peroxi-
dation in the duodenum. The duodenal contractility studies in vitro
were carried out in an organ bath and the levels of malondialdehyde
and 4-hydroxyalkenals (MDA+4-HAD) were measured by spectrop-
hotometry. Trolox increased the reduction induced by ethanol on
the amplitude of spontaneous contractions in longitudinal muscle
but not in circular muscle. Trolox 4 mM decreased the effects of
ethanol on ACh-induced contractions and on MDA+4-HDA con-
centrations. We conclude that trolox might prevent oxidative stress
induced by ethanol in the duodenum.
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INTRODUCTION

Alcohol is a hydroxyl compound that can be present in
the diet. The amount and type of alcohol consumed and the
frequency of its consumption can vary tremendously and
can have divergent effects on an organism (1,2). The dele-
terious effects of alcohol, at least partly, involve alcohol
induced oxidative injury that has been documented by mea-
surement of oxidant radicals (3-5). The organism has devel-
oped a complex defense system which is composed of free
radical scavenger molecules such as vitamins and antiox-
idative enzymes.

Ethanol induces inhibition of esophageal, gastric and
intestinal contractility (6-9). The inhibition produced by
ethanol is attributed to an inhibition of Ca* influx in the
canine jejunal circular muscle and in human and cat
esophageal contractility (7,8). Alcohol also inhibits the
motility of the sphincter of Oddi in vitro (10,11) and the
colon (12). In a previous study, we demonstrated the
inhibitory effects of ethanol on the spontaneous contractions
and ACh-induced contractions in rabbit duodenum, which
are reduced by Ca**-activated K* channel antagonists (13).
Ethanol also provokes an inhibition of gastric emptying
and small intestinal transit that is mediated by type A CCK
receptors or capsaicin-sensitive neural pathways (14-16).
However, ethanol produces contractile actions in guinea
pig gastric smooth muscle, which required extracellular
calcium and are blocked by tyrosine kinase inhibitors (17).

Trolox, a phenolic antioxidant, originally designed for
food preservation, has a chromane structure similar to a-
tocopherol or vitamin E (18,19). Trolox decreases hepato-
cellular damage during sepsis (20) and abrogates oxidative
stress during cold small bowel storage (21).

Although antioxidants can attenuate alcohol-induced
injury, there is no single antioxidant that protects all organs
during all modes of exposure (3). There is very little doc-
umentation available on the effect of trolox on intestinal
motility. In addition, alcohol induces oxidative stress and
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reduces vitamin E levels (22). The aim of this work was to
study the effect of trolox on duodenal alterations induced
by ethanol on acetylcholine-induced contractions and lipid
peroxidation.

MATERIALS AND METHODS
Animals

Male, New Zealand rabbits, weighing 2-2.5 kg, were fed
with standard rabbit food and given free access to water.
The rabbits were humanely handled and put down in accor-
dance with European Council Directive 86/609/EEC.

Chemicals

Acetylcholine (ACh) and 6-hydroxy-2,5,7,8-tetram-
ethylchroman-2-carboxylic acid (trolox, a water soluble
analogue of vitamin E) were obtained from Sigma (Madrid,
Spain). The other chemicals used were analytical grade.
The trolox was dissolved in Krebs solution. All other chem-
icals were dissolved in distilled water. All solutions were
stored at -20 °C and fresh dilutions were made daily.

Preparation of duodenal segments

After 24 h of fasting, the rabbits were killed and pieces
of duodenum were cut into longitudinal and circular smooth
muscle segments (10 mm long and 8 mm wide). Whole
thickness segments were vertically suspended in a thermo-
statically controlled organ bath containing Krebs solution
(in mM: NaCl 120, KC1 4.70, CaCl, 2.40, MgSO, 1.20,
NaHCO, 24.50, KH,PO, 1.00 and glucose 5.60) at 37 °C
to achieve pH 7.4 and continuously gassed with 95% O,
and 5% CO.,,.

Each segment was connected to an isometric force trans-
ducer (Pioden UF1, Graham Bell House, Canterbury, UK).
The segments were stretched passively to an initial tension
of 20 mN. The signal output of mechanical activity was
amplified (The MacLab Bridge Amp, AD Instruments Inc,
Milford MA, USA) with a range of 2 mV. Mechanical activ-
ity was observed and recorded for further analysis using
the MacLab Systems software. The segments were allowed
to equilibrate in Krebs solution for 45 min before use.

Experimental protocols

Each experimental protocol was systematically per-
formed on 4 longitudinal and 4 circular muscle segments
taken from the same rabbit and repeated in three or four
animals. Segments that did not show spontaneous activity
were discarded; in this way, each preparation served as its
own control. The protocol of the experiments was as fol-
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lows: after the adaptation period of 45 min, the spontaneous
contractions of the duodenum and the ACh (0.1 mM)
responses were recorded in Krebs solution and considered
as the control responses. Ethanol (at the doses of 56.2, 114.5
or 170.4 mM which are equivalent to 2.58, 5.27 or 7.85 g/l
respectively) was then added to the bath for 90 min and
then a second ACh (0.1 mM) response was evoked. This
second response was compared with the control and
expressed as percentage.

To study the effect of trolox on the ethanol alterations,
trolox (1.2 and 4 mM) was added to the bath 15 min before
the ethanol (56.2, 114.5 or 170.4 mM).

Malondialdehyde (MDA) and 4-hydroxyalkenals
(4-HDA) quantitation

The tissue concentrations of MDA and 4-hydroxyalke-
nals (MDA+4-HDA) were used as an index of lipid perox-
idation (23). Tissue samples were incubated at 37 °C in the
same conditions as organ bath studies and were divided
into the following experimental groups: control (Krebs solu-
tion), ethanol, Trolox, and Trolox plus ethanol. After incu-
bation, the tissues were frozen in isopentane for MDA +4-
HDA analysis. The tissues were homogenized in ice-cold
Tris buffer (50 mM, pH 7.4) and were centrifuged at 3000
x g for 10 min at 4 °C. In the assay, MDA+4-HDA reacts
with N-methyl-2-phenylindole, yielding a stable chro-
mophore with maximal absorbance at 586 nm; 1,1,3,3-
tetramethoxypropane was used as a standard. Results were
expressed as nmol MDA+4-HDA mg™' of protein. Protein
concentration was determined by the Bradford method (24),
using bovine serum albumin as a standard.

Analysis of data

The integrated mechanical activity per second
(milliNewtons per second, mN s') was quantified as the
integrated area per second during the first 3 min of ACh
response, minus the integrated area per second of sponta-
neous motility, 3 min before adding ACh to the bath, and
normalized per square millimeter of cross-sectional area
(CSA; mm?) (13,25). The amplitude and frequency of the
spontaneous contractions were analyzed. Mean amplitude
(in mN) of contractions was calculated as the average of
peak-to-peak differences over 5 min. The frequency of con-
tractions was expressed as the contractions per minute
(cpm) over a 5 min period. The amplitude and frequency
of spontaneous contractions in the presence of substances
was expressed as a percentage of the values in the absence
of substances (control period). Values are expressed as mean
+ SEM. Means were compared using one-way variance
analysis (ANOVA) tests and p-values determined using the
Scheffé F test for organ bath studies and Fisher test for
MDA+4-HDA. Differences with p-values < 0.05 were con-
sidered statistically significant.



398 D.S. FAGUNDES ET AL.

A Amplitude
120 4 Longitudinal muscle
[ Circular muscle
100 4
i3
<]
2 '
g g ; I :
3 X =
£ I = [ 1T T : I I
8 -
o 60
o .
=
3
S 40 4
g
o
o
20
O - - Ll Ll Ll L1 -
T E1 T+E1 E2 T+E2 E3 T+E3
B Frequency
140 4 Longitudinal muscle
[ Circular muscle
120 4
i=4
A2
5 100 4
(=5
£
£ 80
3
e
-4 60 4
@
=
§ 40
@
o
20 4
04

Fig. 1. Amplitude (A) and frequency (B) of spontaneous contractions from
longitudinal and circular muscle of rabbit duodenum in different conditions:
Control (K, Krebs), or ethanol 56.2 mM (E1), 114.5 mM (E2) and 170.4 mM
(E3) during 90 min. Trolox 4 mM added 15 min before Krebs (T) or ethanol
56.2 mM (T+E1), 114.5 mM (T+E2) and 170.4 mM (T+E3). Values are the
mean =+ S.E.M of 8 segments (% of control period). *p < 0.05, **p < 0.01
and ***p < 0.001 with respect to the control period.

RESULTS

The spontaneous motility of isolated rabbit duodenum
was rhythmic and cyclic. The amplitude of contractions
was 19.3 + 2.3 mN and 2.4 + 0.5 mN (n = 12) and the fre-
quency of contractions was 13.5 £ 0.4 cpm and 10.7 £ 0.5
cpm (n = 12) in longitudinal and circular smooth muscle
of duodenum respectively, in control conditions.

Ethanol (56.2, 114.5 and 170.4 mM) diminished the
amplitude of spontaneous contractions but did not modify
the frequency of contractions in longitudinal and circular
muscles of the duodenum (Figs. 1A and 1B). The ACh-
induced contractions (0.1 mM) were significantly reduced
by ethanol at three concentrations tested in both types of
smooth muscle of the duodenum (Fig. 2A).
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Trolox, a water-soluble vitamin E analogue, diminished
the amplitude of spontaneous contractions in longitudinal
(at4 mM, 36% vs. control) and circular (at 4 mM, 34% vs.
control) muscles of the duodenum (Fig. 1A). In contrast,
the frequency of spontaneous contractions (Fig. 1B) and
the ACh-induced contractions (0.1 mM) were not altered
(Fig. 2A). When trolox was added to the bath 15 min before
ethanol it increased the reduction induced by ethanol on
the amplitude of spontaneous contractions in longitudinal
muscle but not in circular muscle (Fig. 1A).

Trolox (1.2 mM), administered before ethanol, reverted
the effect of the lowest concentration of ethanol on ACh-
induced contractions in longitudinal muscle of duodenum
(107.8+12.5%n=8;673+12.5% n=8;757+7.2%n
= 8; vs. control 100% at 56.2, 114.5 and 170.4 mM of
ethanol respectively). Trolox (1.2 mM) did not revert the
ethanol effect in circular muscle (90.6 £ 7.5% n = 8; 77.1
+82%n=28;54.0+17.2% n=38; vs. control 100% at 56.2,
114.5 and 170.4 mM of ethanol respectively). However,
trolox (4 mM) antagonized the inhibition induced by
ethanol on ACh-induced contractions in longitudinal and
circular muscles of the duodenum (Fig. 2A).

Ethanol (56.2, 114.5 and 170.4 mM) increased, in a con-
centration-dependent manner, the MDA+4-HDA concen-
trations with respect to Krebs in homogenates from duo-
denum. Trolox (4 mM) decreased MDA+4-HDA levels
induced by 114.5 and 170.4 mM ethanol concentrations in
the duodenum (Fig. 2B).

DISCUSSION

There is evidence that alcohol can damage or alter the
function of different organs. The organs that have high
metabolism, such as the liver, pancreas or stomach, are
more susceptible to injury (6,9,26,27). The effect of alcohol
in the digestive tract depends on the species of animal used
in the research; in the same region it can induce opposite
reactions. In gastric smooth muscle it causes inhibition in
dogs and cats (6,9), but in guinea pigs, it causes a contrac-
tion (17). Our experiments show that ethanol reduces the
amplitude of spontaneous contractions in the longitudinal
and circular muscles of rabbit duodenum, but it does not
modify the frequency of spontaneous contractions. These
findings are consistent with previous observations in vitro
in canine antral and intestinal smooth muscle (6,8), and in
vivo in human jejunal contractile activity (28). Ca* triggers
contraction in smooth muscle and is a second messenger,
transducing signals from neurotransmitters, hormones and
growth factors (29). The amplitude and frequency of spon-
taneous contractions of rabbit duodenum decrease in Ca*-
free medium (30) and similar results have been described
in sheep duodenum (31). In a study using intracellular
recordings, alcohol acts through mechanisms involving
hyperpolarization of membrane and these authors suggest
that alcohol exerts its direct effects on jejunal smooth mus-
cle contractility (8). The ethanol-induced inhibition on the
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amplitude of spontaneous contractions in rabbit duodenum
is attributed to opening intermediate-conductance Ca**-acti-
vated K* channels (13).

In the current study, ethanol decreased ACh-induced con-
tractions in rabbit duodenum and this accords with other stud-
ies in which ethanol has been shown to reduce the contractions
produced by ACh in isolated rat ileum (32), in canine jejunal
circular smooth muscle (8) and in rabbit duodenum (13). Fur-
thermore, ethanol decreased the thickness of synaptosomal
plasma membrane vesicles lipid bilayer (33).

Trolox is a hydrophilic analogue of vitamin E, is a phe-
nolic antioxidant and has a chromane structure similar to
a-tocopherol but without the polyisoprenoid hydrophobic
tail (18,19). There is little information about the effect of
trolox or vitamin E on the contractility of gastrointestinal
smooth muscle. Previously, we have reported that trolox
reduces the amplitude of duodenal spontaneous contractions
but it does not alter their frequency (34). In normoxia, addi-
tion of a-tocopherol produces no discernible effects on the
frequency of contractions in guinea-pig colon (35). Vitamin
E decreases contractions induced by 400 mM of ethanol in
isolated canine cerebral vascular rings (36). However, vit-
amin E fails to show a protective action of intestinal
ischemia in the hamster (37). Our results show that trolox
increased the inhibition of the amplitude of spontaneous
contractions induced by ethanol in duodenal longitudinal
muscle; it had an additive effect on longitudinal muscle but
it did not affect the circular muscle neither the frequency
of spontaneous movements. The vitamin E action mecha-
nisms proposed are inhibition of a-tropomyosin or inhibito-
ry action on protein kinase C or inhibition of scavenger
receptors class A (38,39). Perhaps trolox is mediated via
excitation contraction coupling pathways of spontaneous
contractions and increases the ethanol effect.

Our findings show that trolox did not alter the ACh
responses in duodenum. However, trolox antagonized the
effect evoked by ethanol on the ACh responses in our exper-
imental model. Vitamin E does not inhibit the contractions
induced by KCl or prostaglandin F,, (36). Nevertheless vit-
amin E protects the bladder from the effects of in vitro
hydrogen peroxide (40). Also vitamin E attenuates the con-
tractions produced by alcohol in canine cerebral arterial
rings (36). Trolox increased the reduction induced by
ethanol on the amplitude of spontaneous contraction but it
reverted the inhibition of ACh-induced contractions in lon-
gitudinal muscle. These opposite effects of trolox on spon-
taneous contractions and ACh-induced contractions could
be due to different mechanisms of activation. The sponta-
neous contractions are produced by the depolarization of
interstitial cells of Cajal and ACh contractions are evoked
by the binding of acetylcholine to muscarinic receptors.

When alcohol is administered acute or chronically, it
causes oxidative stress to most tissues (3). Alcohol is metab-
olized in the liver and the pathways of metabolism produce
free radicals that affect the antioxidant system (4). Free rad-
icals alter lipid peroxidation and antioxidants are essential
in preventing the cellular damage that they cause (22,41,42).
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Fig. 2. Effect of ethanol (A) on acetylcholine (ACh)-induced contractions
(0.1 mM) from longitudinal and circular muscle of rabbit duodenum and
(B) on MDA+4-HDA levels from homogenates of duodenum. Effect of Krebs
(K, control) or Trolox 4 mM (T) during 90 min. Trolox 4 mM added 15 min
before ethanol 56.2 mM (T+E1), 114.5 mM (T+E2) and 170.4 mM (T+E3).
The columns are mean values and vertical bars indicate S.E.M. *p < 0.05,
**p<0.01 and ***p < 0.001 with respect to the control period; #p < 0.05
with respect to ethanol (at the same concentration).

The biochemical changes elicit by ethanol are also accom-
panied by an increase in lipid peroxidation and MDA is an
indicator of lipid peroxidation (26). Another study shows
that ethanol induces lipid peroxidation and reduces vitamin
E levels in Guinea pigs (22). Furthermore, it has also been
described that oxidative stress alters pig bladder contrac-
tility, affecting the muscarinic receptor (43).

In this work, the concentration of MDA+4-HDA was ele-
vated after the incubation of duodenal tissue with ethanol.
Trolox reduced this increase in MDA+4-HDA levels and
antagonized the effect of ethanol on the ACh-induced con-
tractions. These results indicate that alcohol induced lipid
peroxidation, increasing the levels of MDA+4-HDA, that is
a marker of oxidative stress (23). Our results coincide with
studies in which ethanol treatment has resulted in the deple-
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tion of glutathione levels and decreased antioxidant activity
as well as elevating MDA (4). In hepatocytes, the increase
in lipid peroxidation induced by ethanol is reversed by vit-
amin E (26). Trolox enhances cardiac recovery after
ischemia/reperfusion, both when it is perfused in vitro and
after its oral administration. Vitamin E also favorably affects
cardiac recovery, but does so less effectively than trolox. The
production of the thiobarbituric acid-reactive substances
(TBARS) is significantly inhibited by trolox, suggesting that
its beneficial effects are due to its antioxidant activities (44).
The combination of vitamin C, vitamin E and selenium has
a protective effect on ethanol-induced duodenal mucosal
injury (45). A diet high in vitamin E protects bladder smooth
muscle from peroxidation produced by hydrogen peroxide
incubation (40). In addition, trolox reduces MDA levels in
oxidative stress of mucosal injury during cold small bowel
storage (21) and in the incubation of duodenal segments with
lipopolysaccharide (34).

We can conclude that trolox reduces the effects of ethanol
on ACh-induced contractions and on MDA+4-HDA levels
and trolox might therefore prevent oxidative stress induced
by ethanol in the duodenum.
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