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Objective and background: Asthma is a chronic inflammatory disease in which an oxidant/anti-
oxidant imbalance plays an important role. p-alpha-tocopherol (biologically the most active form of
vitamin E) has redox properties and by scavenging the free radicals can act as an antioxidant. The aim
of this study was to examine the effects of orally administered alpha-tocopherol in a rat model of
allergic asthma.

Methodology: Actively sensitized rats (OA) were treated with alpha-tocopherol (400 mg/kg/day for
10 days) or vehicle; 1 h after the last dose, they were challenged with antigen aerosol. The antigen-
induced airway hyperresponsiveness to direct bronchoconstrictor (serotonin), the inflammatory cell
infiltrate and histological changes were determined 1 or 24 h after the antigen challenge.

Results: Alpha-tocopherol pretreatment was not significantly effective at reducing the studied
parameters when compared with controls, even though there was a tendency to a reduction in bron-
chial responsiveness and in eosinophil and neutrophil infiltration.

Conclusion: Alpha-tocopherol when administered in the chosen study design in an animal model
of asthma had no major effect on airway inflammation. The effect of antioxidants deserves further

evaluation.
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INTRODUCTION

Oxidative stress participates in the pathophysiology
of a number of pulmonary diseases, including
asthma. Healthy subjects compensate for the toxicity
of free radicals and reactive oxygen species by means
of endogenous defence systems (antioxidants and
enzymes). In asthmatics, oxidant/antioxidant imbal-
ances cause an oxidative stress that elicits a broad
spectrum of pathophysiological effects. Although the
oxidant/antioxidant imbalance is neither unique nor
the key feature in the pathogenesis of asthma, its
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role is very important and contributes to disease
progression.’™

Naturally occurring vitamin E is a mixture of about
eight tocopherols. Biologically the most active form is
D-alpha-tocopherol, which represents about 90% of
the tocopherols in animal tissue. Tocopherols can act
as antioxidants. By scavenging free radicals, they
mediate protection of important biological structures
from oxidative damage. Tocopherol is regenerated by
means of interaction with other antioxidant com-
pounds, such as ascorbic acid.’

There exist many clinical reports documenting
changes in antioxidant concentrations in asthmatics.
Antioxidant vitamins are decreased in the sera of
asthmatic children even during asymptomatic
periods.® The plasma and whole blood levels of
alpha-tocopherol are decreased in asthmatics when
compared with healthy volunteers.”® Furthermore,
the lung-lining-fluid concentrations of vitamin E and
vitamin C are low in patients with mild asthma even
though blood levels are normal or increased.” All
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these findings together with the presence of increased
amount of oxidized glutathione in their airways indi-
cate that patients with asthma are exposed to an
increased oxidative stress.’

So far, very few experimental studies of asthma
dealing with the effects of vitamin E have been
reported. It has been recently shown that alpha-
tocopherol pretreatment of ovalbumin-sensitized
guinea pigs significantly reduces the contractility of
tracheal preparation,'® and in another experiment, a
weak protective effect on ovalbumin-induced bron-
chospasm in allergic guinea pigs has been observed."
Although antioxidant effects of vitamin E have been
documented, its underlying mechanism is not fully
understood.'

As excess reactive oxygen species production and
insufficient endogenous antioxidant defence mecha-
nisms is a feature of the pathogenesis of asthma, we
hypothesized that administration of antioxidants
may be beneficial. Therefore the objective of this
research was to study the effects of orally adminis-
tered alpha-tocopherol on antigen-induced airway
hyperresponsiveness to the direct bronchoconstric-
tor serotonin, the infiltration of inflammatory cells
(mainly eosinophils and neutrophils) and on airway
histological changes in a rat model of allergic
asthma.

METHODS

All experiments were carried out with the approval of
the Ethics Committee of the Faculty of Pharmacy,
Charles University. The experimental protocol com-
plied with the regulations established for use of labo-
ratory animals by the Czech Government and the
European Community.

Study design

Actively sensitized rats (OA) were treated with the
study drug or vehicle for 10 days, and 1 h after the last
dose, were challenged with antigen aerosol. Bronchial
responsiveness to 5-hydroxytryptamine (5-HT) was
determined 1 or 24 h after the antigen challenge. The
bronchoalveolar lavage fluid (BALF) was obtained
and analysed immediately after the measurement of
lung responsiveness and the lungs were removed for
histological examination.

Experimental groups

e Treated group: ovalbumin-sensitized animals
treated with alpha-tocopherol and challenged with
antigen aerosol (n=9)
* Positive control group: ovalbumin-sensitized ani-
mals treated with a drug vehicle and challenged with
antigen aerosol (n=9)
¢ Negative control group: ovalbumin-sensitized ani-
mals treated with a drug vehicle and challenged with
saline aerosol (n=10)
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Animals

Male Wistar rats with a weight of 240-260g sup-
plied by BioTest (Konarovice, Czech Republic) were
used for this study. Animals were divided at random
into experimental groups as indicated below and
housed five to a cage under standard laboratory
conditions.

Drugs

The following drugs were used: p-alpha-tocopherol
(M.W.=430.7 Da, 10001U/g in soya oil), soya oil
(vehicle), ovalbumin (min 98%), aluminium hydrox-
ide (M.W. =78 Da), succinylcholine chloride (M.W. =
397.3 Da), DL-propranolol hydrochloride (M.W.=
295.8 Da), 5-HT hydrochloride (M.W. =212.7 Da) and
sodium pentobarbital (M.W. =248.3 Da). Drugs were
obtained from the Sigma and Fluka Company (Sigma
Aldrich s.r.o., Prague, Czech Republic).

Sensitization

Animals were actively sensitized as previously
described by Elwood and this procedure has previ-
ously been shown to result in the development of IgE
antibody.’* This model of allergic inflammation has
been applied to various animal species (rat, guinea
pig, mouse) and has been used previously for the
studies of antioxidants. The induced changes in the
lung oxidative status have been reported in the liter-
ature.”® Ovalbumin OA (1mg) and aluminium
hydroxide AI(OH); (100 mg) were suspended in 0.9%
w/v saline (1 mL) and intraperitoneally injected into
each rat. Injection was repeated for three consecutive
days. Sensitized animals were used in experiments
from day 21 to day 30 after the initial intraperitoneal
injection.

Aerosol—inhalation system

The inhalation system consisted of a transparent
plastic chamber (approximate volume of 4 L) that was
connected to the output of a jet HSE nebulizer (Hugo
Sachs Elektronik, Harvard Apparatus GmbH, Grun-
strasse 1, D 79232 March—Hugstetten, Germany).
The particles of generated aerosol were less than
10 um in size with 60% of the particles being less that
2.5 um (the size was tested and declared by the HSE).
The nebulizer output was approximately 18-20 mL/h.
For allergen challenge, each rat was placed in the
chamber that was then filled with aerosol.

Allergen challenge

Within a time interval of 30 min, the animals were
exposed to ovalbumin aerosol (100 mg in 2mL of
saline). Sham group (negative controls) was chal-
lenged with saline.
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Drug treatment

Animals were treated with alpha-tocopherol at
400 mg/kg/day or vehicle for 10 days and the last
dose was administered 1h before the ovalbumin
challenge. The oral route (by means of gavage) was
selected as it best represents the clinical setting. The
dose administered and the chosen study design were
derived on the basis of previous studies on the anti-
oxidative properties of alpha-tocopherol on rats.
Repeated administration was selected because we
assumed that a more pronounced effect was likely to
be observed.'"?!

Animal preparation

At 1 or 24 h after the antigen challenge, the animals
were anaesthetized with pentobarbital (45 mg/kg
i.p.). The surgical anaesthesia was maintained during
the whole experiment (for approx. 45 min) without
the need for the supplementary pentobarbital admin-
istration. A heparinized catheter was inserted into the
right jugular vein for i.v. drug administration. After
the tracheostomy, the trachea was canulated and
connected to a Hugo Sachs ventilator (90 breaths/
min, 10 mL per kilogram of body weight). Spontane-
ous respiration was suppressed by an i.v. succinylcho-
line injection (2mg/kg) and the animals were
mechanically ventilated with room air.

Measurement of bronchial responsiveness

The classical method of Konzett-Roessler was
applied. The overflow (i.e. air volume not taken up by
the lungs) was measured by the Fleisch pneumot-
achometer (Hugo Sachs Elektronik, Harvard Appara-
tus, March-Hugstetten, Germany) and recorded by a
differential pressure transducer as airflow in mL/s.
The tidal volume was calculated after each respiratory
cycle by use of HSE Pulmodyn Software (Hugo Sachs
Elektronik). The increase in overflow indicated the
bronchoconstrictive response. Five minutes before
the first 5-HT dose, the animals were pretreated with
propranolol (1 mg/kg i.v.) in order to produce a large
bronchoconstrictor response. Bronchial responsive-
ness was determined from a dose-response curve to
5-HT (5, 10, 25 and 50 ug/kg i.v.)) 1 or 24 h after the
challenge. 5-HT was administered with a 3-min inter-
val between doses.

BALF acquisition and analysis

After the measurement of lung responsiveness, the
rats were disconnected from the ventilator and sacri-
ficed with the pentobarbital overdose. The lungs were
lavaged with two aliquots, each having 6 mL of saline,
and the recovered BALF was pooled. The cell suspen-
sion was concentrated by centrifugation (1200 r.p.m.,
20 min, 4°C), the cell pellet was resuspended in 1 mL
of saline and total and differential cell counts were
made.

Respirology (2006)
© 2006 Asian Pacific Society of Respirology

J Suchankova et al.
Histopathological examination

Whole rat lungs including the trachea were removed
for histological examination and immediately
immersed in Bouin’s fixative solution. Forty-eight
hours later, the tissue samples were embedded in par-
affin. Some paraffin sections of rat lung (thickness of
5-7 um) were stained with haematoxylin and eosin
as appropriate with combination Alcian blue-
haematoxylin-eosin for staining of acid and neutral
mucin or Masson’s trichrom staining. Stained slides
were studied by light-microscopy using computer
image analysis and photodocumentation was pro-
vided with the Nicon Eclipse E200microscope, the
digital firewire camera PixeLINK PL-A642 (Vitana
Corp., Ottawa, Canada) and with image analysis
software rucia (Laboratory Imaging, Prague, Czech
Republic).

Data analysis

Data are presented as mean + SEM of n experiments.
A statistical analysis of the results was carried out by
means of Student’s #-test and P-value of <0.05 was
considered significant.

RESULTS
Bronchial responsiveness

One hour after the allergen challenge, i.v. serotonin
administration (5-50 ug/kg) induced a dose-related
bronchoconstrictor response in all rats. The broncho-
spasm in sensitized and OA-challenged animals was
not significantly augmented when compared with
sham group, and no differences in airway response
were found after the alpha-tocopherol pretreatment
(data not shown).

Within a time interval of 24 h after antigen chal-
lenge, i.v. cumulative administration of serotonin
induced a dose-dependent and significant increase
in overflow volume when the OA-immunized and
-challenged animals were compared with the saline-
challenged controls (after the last serotonin dose the
increase in overflow volume was 753 +34% n=9 and
396 +£34% n=10, respectively). In tocopherol-
premedicated animals, no significant changes were
found. A tendency to an antihyperresponsiveness
effect was observed when compared with the non-
pretreated antigen-challenged group (558t 41%;
n=9) (Fig. 1).

BALF analysis

BAL was carried out 1 or 24 h after saline or ovalbu-
min exposure. One hour after the antigen challenge,
no differences in the total cell count were found
among the groups. The total number of cells in the
BALF obtained from sham and control groups and
from treated animals was 0.24 +0.02 n=9; 0.33 + 0.05
n=8 and 0.30%£0.03 n=9 (10°/mL). Similarly, no
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Figure1 Dose-response curves for i.v. 5-hydroxytryptamine (5-HT) were obtained in Wistar rats exposed 24 h earlier to
aerosol saline (negative control) or antigen (OA 1%, 15 min). The antigen-challenged animals received by means of gavage a
drug vehicle (positive control) or alpha-tocopherol (400 mg/kg/day for 10 days, the last dose 1 h prechallenge) as indicated.
The increase in overflow is presented as percentage change from baseline values. The airway hyperresponsiveness to 5-HT
observed in antigen-challenged sensitized rats tended to decrease after alpha-tocopherol. The points are mean + SEM of 10
(negative control), 9 (positive control) and 9 (alpha-tocopherol) animals; *P < 0.05 from negative control; #P < 0.05 from pos-
itive control. (——) Sensitized and saline-challenged group receiving the drug vehicle, 24 h post challenge; (—m—) sen-
sitized and OA-challenged group receiving the drug vehicle, 24 h post challenge; and (- - -a- - -) sensitized and OA-challenged

group receiving alpha-tocopherol, 24 h post challenge.

changes were found in the differential cell count (data
not shown).

Twenty-four hours after antigen exposure, OA-
challenged animals showed a significantly higher
total number of cells in BALF when compared with
saline-challenged controls (0.97+0.09 n=9 and
0.24+0.02 n=10 (10°/mL)). The increase in total cell
number was not significantly changed by tocopherol,
although there was a tendency for it to be lower
(0.60+0.08, n=9 (10°/mL)). The differential cell
count showed an increase in eosinophils (0.133 £
0.028, n=9 and 0.005+0.001, n=10 (10°/mL)) and
significant increase in neutrophils (0.342+0.046,
n=9and 0.007 + 0.001, n =10 (10°/mL)) in the recov-
ered BALF of antigen-challenged rats compared with
the saline exposed group. The increased percentage of
eosinophils and neutrophils tended to diminish in
tocopherol treated rats (0.039+0.011, n=9 and
0.122 £ 0.032, n=9) but the difference was not signif-
icant (Figs 2,3).

Histopathological examination

The histopathological examination of both OA-
challenged animals and alpha-tocopherol-treated
animals showed inflammatory changes when com-
pared with saline-challenged controls. In examined
lung sections, a distinct inflammatory infiltrate was
seen in peribronchial and perivascular areas originat-
ing centrally and extending along the vessels and
bronchi into the marginal lung parenchyma. Occa-
sionally there was a mild thickening and constriction
of the walls in a small number of bronchi and
bronchioles and likewise hypersecretion of mucus by
goblet cells. The peribronchial and perivascular
inflammatory infiltrate predominantly consisted of
eosinophils and mast cells, admixed with lympho-

cytes, macrophages and rarely histiocyte-like cells.
The infiltrate expanded into the lung interstitium and
was associated with local oedema. In alpha-
tocopherol-premedicated animals, no differences in
quantitative and qualitative parameters were found
when compared with OA-challenged controls. In the
interstitial area, there was a similar peribronchial and
perivascular inflammation with predominant eosino-
phils and lymphocytes. Hyperthrophy of the smooth
muscle cell layer was noted in the alpha-tocopherol-
pretreated rats after antigen exposure but this was
comparable to the findings in OA-challenged control
group (Fig. 4).

DISCUSSION

Asthma is a chronic inflammatory disease character-
ized by airway obstruction, lung hyperresponsive-
ness, enhanced airways vascular permeability
accompanied by oedema, enhanced mucus secre-
tion, and inflammatory cell infiltration.?** Oxidative
stress significantly participates in its pathogenesis,
with inflammatory cells having a fundamental con-
tributing role as they release increased amounts of
reactive oxygen species derivates (ROS).* Although all
inflammatory cells participate in asthma pathogene-
sis, the airway eosinophilia appears to be of central
importance.”?” Other cells, such as neutrophils also
contribute to this process, even though their role
seems less important. The migration of inflammatory
cells depends on a number of factors, including
the expression of intercellular adhesion molecule
1 (ICAM-1) and vascular cell adhesion molecule 1
(VCAM-1).%"*® The ICAM-1 and VCAM-1 expressions
are nuclear factor NF-kB-dependent,®*® with this
transcription factor being sensitive to oxidants.*
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Figure 2 Total cell numbers in bronchoalveolar lavage fluid are shown for sensitized Wistar rats exposed 24 h earlier to
aerosol saline (negative control) or antigen (OA 1%, 15 min). The antigen-challenged animals received by means of gavage
a drug vehicle (positive control) or alpha-tocopherol (400 mg/kg/day for 10 days, the last dose 1 h prechallenge) as indicated.
Alpha-tocopherol administration slightly reduced the augmented total cell number in bronchoalveolar lavage fluid of
antigen-challenged sensitized rats. The columns are mean + SEM of 10 (negative control), 9 (positive control) and 9 (alpha-
tocopherol) animals; *P < 0.05 from negative control; #P < 0.05 from positive control. (CJ) Sensitized and saline-challenged
group receiving the drug vehicle, 24 h post challenge; (W) sensitized and OA-challenged group receiving the drug vehicle, 24 h
post challenge; and ([l) sensitized and OA-challenged group receiving alpha-tocopherol, 24 h post challenge.
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Figure3 Eosinophil, neutrophil, lymphocyte and macrophage numbers in bronchoalveolar lavage fluid are shown for
sensitized Wistar rats exposed 24 h earlier to aerosol saline (negative control) or antigen (OA 1%, 15 min). The antigen-
challenged animals received by means of gavage a drug vehicle (positive control) or alpha-tocopherol (400 mg/kg/day for
10 days, the last dose 1 h prechallenge) as indicated. After alpha-tocopherol administration, a significant reduction in the
increased number of neutrophils and a tendency for eosinophil numbers to decrease were observed in antigen-challenged
sensitized rats. The columns are mean + SEM of 10 (negative control), 9 (positive control) and 9 (alpha-tocopherol) animals;
*P<0.05 from negative control; #P < 0.05 from positive control. ((J) Sensitized and saline-challenged group receiving the
drug vehicle, 24 h post challenge; (W) sensitized and OA-challenged group receiving the drug vehicle, 24 h post challenge; and
(M) sensitized and OA-challenged group receiving alpha-tocopherol, 24 h post challenge.

Accordingly, antioxidant treatment has been demon- effect on eosinophilia has been reported after an oral
strated to inhibit the expression of both adhesion  administration of some antioxidants.’***3* A relation-
molecules through NF-kB-dependent and even NF- ship between oxidative stress and neutrophil traffic in

kB-independent pathways.** Moreover, a reducing  the lungs has also been observed.****¢
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Figure4 Representative histo-
pathological findings of alpha-
tocopherol-treated animals (A) and
OA-challenged animals (B) are
shown (haematoxylin and eosin
staining (x100) of rat pulmonary tis-
sue). The peribronchial and perivas-
cular inflammation (predominantly
consisted of eosinophils and lym-
phocytes) and the hypertrophy of
the smooth muscle were present in
both groups, and no differences
were found.

We hypothesized that the administration of alpha-
tocopherol, an antioxidant vitamin, may reduce the
antigen-induced airway hyperresponsiveness and
the inflammatory cells infiltrate in a rat model of
allergic asthma. Contrary to our hypothesis, alpha-
tocopherol pretreatment was not significantly
effective at reducing the studied parameters when
compared with controls. This observation can be
explained in three ways.

First, our hypothesis was not correct and despite its
antioxidative properties, alpha-tocopherol, regard-
less of the dose and administration schedule, does
not affect the increased bronchial responsiveness
and pulmonary inflammation induced by allergen
challenge. As other antioxidants have been effective
in similar experimental models,”**?* a relationship
between the oxidant/antioxidant ratio and the
response after allergen challenge is very likely to exist.
The organism defence against oxidants is secured by a
complex antioxidant system, with its components
playing different roles. Role in the system determines
the importance of each antioxidant under particular
oxidative stress conditions. Hence, the way exoge-
nous antioxidants are integrated into the physiologi-
cal antioxidative defence systems determines their
effectiveness. For example, the thiol compound N-
acetylcysteine (NAC) acts directly as a free radical
scavenger, and also as a precursor of reduced glu-
tathione (a crucial component of the antioxidant
defence). Thus, NAC pretreatment in an experimental
model of asthma has significant effects on antigen-
induced airway hyperresponsiveness, lipid peroxida-
tion and expression of some enzymes and factors.’**’
As mentioned above, alpha-tocopherol is an antioxi-
dant vitamin with redox properties that can scavenge
free radicals and its regeneration involves interaction
with other antioxidants. The zero effect of alpha-
tocopherol might be explained as being a result of a
less important role of alpha-tocopherol in responding
to ovalbumin challenge in actively sensitized rats OA.
Possibly, the amount of alpha-tocopherol is not cru-
cial for efficiency of the antioxidant system and it is
not essential for the formation and/or regeneration of
the main antioxidants (e.g. reduced glutathione) and/
or their direct precursors either. Participation of fac-

tors other than oxidants and the complex character of
asthma pathogenesis need also to be taken into
account.

Second, the chosen asthma model may not be
appropriate and does not enable the verification of
our hypothesis. This possibility, however, is unlikely.
We found significant differences in the bronchial
reactivity of sensitized and sham experimental
groups within the time interval of 24 h and histo-
pathological examination showed inflammatory
changes. These results are consistent with the gener-
ally accepted concept of a late reaction in sensitized
and challenged rats'***** and also confirm that the
time interval of 1 h after antigen exposure probably is
not sufficient for the development of measurable
changes. Moreover, the experimental model of aller-
gic asthma that was used has been widely employed
in similar studies and the sensitization procedure
and antigen challenge applied have been effective in
those with similar study design. Rats together with
guinea pigs are the most widely used species in both
in vivo and in vitro experimental asthma investiga-
tions. The Wistar rats have been employed in experi-
ments based on the ovalbumin sensitization,***° and
in other lung-related studies as well.**** Nevertheless
we do not exclude the possibility of obtaining more
consistent results with, for example, Brown Norway
rats, which can exhibit higher numbers of neutrophils
and eosinophils.

Third, alpha-tocopherol might be able to alter the
response to ovalbumin challenge in actively sensitized
rats OA, but the doses used were inappropriate. We did
not find any significant changes after alpha-
tocopherol treatment, even though there was a
tendency to reduce in bronchial responsiveness
and eosinophil and neutrophil number. This might be
because of the antioxidative properties of alpha-
tocopherol.

This is the first description of the effects of vitamin
E on the lung response in an experimental rat model
of allergic asthma. Although our results are negative,
they do not exclude the potential therapeutic value of
antioxidants. The effects of antioxidants or their mix-
tures have not been investigated in detail, and
deserve greater attention and further research.
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