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Effect of oxidative stress induced by vitamin E-deficiency and/or nitrogen dioxide (NO2) inhalation on Type IV
and Type I allergy responses of mice was investigated. Mice were fed a vitamin E-adequate diet (control: C group)
or a vitamin E-deficient diet (–E group). The vitamin E content in the blood of C and –E groups was 1.58 and 0.3 µg/
ml, respectively. Mice of the C and –E groups were exposed to air or air containing NO2 (5–6 ppm) (C + NO2 and –E
+ NO2 groups) by feeding them the corresponding diets for 1–2 week. In the sensitization with 2,4-dinitrochlorobenzene
(DNCB), the degree of lymph node cell proliferation of mice of the C + NO2 group, as assessed by lymph node assay,
was similar to that of mice of the C group. While the degree of cell proliferation of mice of the –E group was lower
than that of mice of the C group, the degree of cell proliferation of mice of the –E + NO2 group was higher than that
of mice of the C and C + NO2 groups. While the DNCB-sensitized IgE levels of mice of the C + NO2 group were
similar to those of mice of the C group, the IgE levels of mice of the –E and –E + NO2 groups were higher than those
of the C and C + NO2 groups. While the trimellitic anhydride (TMA)-sensitized IgE levels of mice of the –E group
were similar to those of mice of the C group, the IgE levels of mice of the C + NO2 and –E + NO2 groups were much
higher. These results suggest that allergen-sensitized type IV and I allergy responses of mice are enhanced by oxida-
tive stress induced by vitamin E-deficiency and/or NO2 inhalation.
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INTRODUCTION

Vitamin E is a major chain-breaking antioxidant
in cell membranes that effectively scavenges lipid
peroxyl radicals, and thus protects the cell mem-
branes from oxidative damage.1,2) In addition, vita-
min E has another property unrelated to antioxidant
activity. Vitamin E enhances immune responses, and
stimulates mitogenic responses of lymphocytes and
antibody production.3–6) Our previous studies have
shown that vitamin E-deficiency in mice brings about
decreased contact sensitization responses to 2,4-
dinitrochlorobenzene (DNCB).7)

On the other hand, nitrogen dioxide (NO2) is a
free radical toxin usually present in polluted urban

and room air (0.02–0.2 ppm), and in fresh smoke or
cigarrette smoke (upto 100 ppm). It has been shown
that long-term inhalation of a low level of NO2 causes
oxidative damage, especially to lung tissue. Inhala-
tion of air containing NO2 causes pulmonary edema,
pulmonary fibrosis, bronchitis8–10) and cancer.11) In-
halation of NO2 into rats causes lung lipid
peroxidation, as assessed by the increase in conju-
gated diene formation12) and hydrocarbon exhala-
tion.13)

The aim of the present study was to determine
the effect of oxidative stress induced by vitamin E-
deficiency and/or NO2 inhalation on allergen-sensi-
tized type IV (contact sensitization) and type I (res-
piratory sensitization) allergy responses of mice. In
this study, mice supplemented with a vitamin E-ad-
equate diet or a vitamin E-deficient diet were ex-
posed to purified air or to air containing NO2. For
investigation of the effect on type IV allergy re-
sponse, contact sensitization responses induced by
DNCB, a potent sensitizer used for many years to
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induce contact sensitization,14,15) were examined. For
investigation of the effect on type I allergy responses,
serum IgE levels were measured using mice sensi-
tized on their flanks, with a subsequent challenge
on the ears by DNCB or trimellitic anhydride
(TMA).16,17)

MATERIALS AND METHODS

Materials —–— Purified air and air containing
10 ppm NO2 were prepared by Nihonsanso, Ltd.
(Tochigi, Japan). Hanks’ balanced salt solution
(HBSS) and N-2-hydroxyethylpiperazine-N′-2-
ethanesulfonic acid (HEPES) were obtained from
Dojindo Laboratories (Kumamoto, Japan). RPMI-
1640 medium and penicillin-streptomycin solution
were obtained from Gibco Laboratories (Grand Is-
land, NY, U.S.A.). Fetal calf serum (FCS) was ob-
tained from Bio Whittaker (Walkersvile, MD,
U.S.A.). Thiobarbituric acid (TBA) was obtained
from Merck KGaA (Darmstadt, Germany). 2,4-
DNCB, TMA, olive oil and normal goat serum
(NGS) were obtained from Wako Pure Chemical
Industries (Osaka, Japan). Standard DL-α-tocopherol
was obtained from Tokyo Chemical Company (To-
kyo, Japan). Standard bovine serum albumin (BSA)
(γ-globulin-free and fatty acid-free), mouse mono-
clonal IgE anti-dinitrophenol (DNP) antibody (clone
SPE-7) and o-phenylenediamine dihydrochloride
tablet kits were obtained from Sigma Chemical Com-
pany (St. Louis, MO, U.S.A.). [3H]Methyl thymi-
dine ([3H]TdR) was obtained from Amersham
Pharmacia Biotech UK, Ltd. (Buckingham, U.K.).
Rat monoclonal anti-mouse IgE antibody was from
Southern Biotechnology Associates, Inc. (Birming-
ham, AL, U.S.A.), and goat anti-mouse IgE conju-
gated with horseradish peroxidase was from Nordic
Immunology (Tilberg, The Netherlands).
Animals and Diets —–—  The protocol of animal
preparations for the present experiment was ap-
proved by the Ethics Committee of our institute.
Three-week-old male BALB/c mice weighing 10–
15 g, obtained from Japan Laboratory Animals In-
corporation (Tokyo, Japan), were used. Six mice
were housed together in a plastic cage in a room of
controlled temperature at 23 ± 1°C, humidity at 55
± 5% and lighting with a 12 hr dark-daylight cycle.
The animals were allowed free access to food. The
animals were fed a vitamin E adequate-powdered
diet MF containing protein at 254 g/kg, calories at
3422 kcal/kg, fat at 44 g/kg, fiber at 41 g/kg and

vitamin E at 70 × 10–3 g/kg (Oriental Yeast Com-
pany, Tokyo, Japan) solidified by mixing 450 g food
and 230 g water (C group), or, a powdered vitamin
E-deficient-diet, Oriental Composition Type A con-
taining protein at 226 g/kg, calories at 3600 kcal/kg,
fat at 62 g/kg, fiber at 49 g/kg and vitamin E at
0 × 10–3 g/kg prepared by Oriental Yeast Company
(Tokyo, Japan), solidified by mixing 450 g diet
and 230 g water (–E group), for 3 week.

Each mouse was then moved to a special gas-
tight glass cage, Metabolica MM-AP type, prepared
by Sugiyama-Gen Iriki Company (Tokyo, Japan) of
controlled temperature at 23 ± 1°C, and a 12 hr dark-
daylight cycle. Air (C and –E groups) or air contain-
ing 10 ppm NO2 (C + NO2 and –E + NO2 groups)
was introduced into the glass cage at 100 ml/min or
200 ml/min, respectively. Under these conditions,
NO2 concentration in the cage, as assessed by the
Saltzman method,18) was maintained at 5–6 ppm
when the animal and food were placed in the cage.
Mice of the C and C + NO2 groups were continu-
ously supplemented with a vitamin E-adequate diet,
and mice of the –E and –E + NO2 groups were con-
tinuously supplemented with a vitamin E-deficient
diet for 1–2 weeks. Weights of the mice after 2-week
housing were 19–21 g.
Determination of Vitamin E Levels in Blood —–—
The vitamin E level of mouse blood was determined
according to a method described elsewhere.19) To
1.0 ml of heparinized blood from a mouse, 1.0 ml of
a 60 mg/ml pyrogallol solution in ethanol and 1.0 ml
of ethanol were added. After heating the mixture at
70°C for 2 min, 0.2 ml of a 600 mg/ml KOH solu-
tion was added, and the mixture was heated at 70°C
for 30 min. Vitamin E was extracted by the addition
of 2.5 ml of water and 5.0 ml of n-hexane, followed
by centrifugation at 3000 rpm for 5 min.

The upper n-hexane phase (4.0 ml) was removed
and evaporated to dryness to be redissolved into
0.2 ml of methanol. High performance liquid chro-
matography (HPLC) was carried out using a Hitachi
655 liquid chromatograph (Tokyo, Japan) equipped
with an Inertsil ODS-2 column (4.6 mm i.d.
× 250 mm) (GL Sciences Incorporation, Tokyo, Ja-
pan) by injection of 10 µl of the sample solution in
methanol, and the column was eluted with a mobile
phase composed of methanol/water (98 : 2, v/v) at a
flow rate of 1.4 ml/min. A fluorescent peak was de-
tected by excitation at 292 nm/emission at 335 nm
with a Shimadzu RF-535 fluorescence
spectromonitor (Osaka, Japan). The peak due to vi-
tamin E appeared at a retention time of 17–19 min.
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The amount of vitamin E in the sample was esti-
mated by comparing the peak area with that of the
calibration curve of the standard DL-α-tocopherol.
Vitamin E levels in blood were expressed per ml
blood.
Thiobarbituric Acid-Reactive Substances
(TBARS) in Mouse Lung —–—  After being anes-
thetized with an air/diethylether mixture, the mouse
was sacrificed, and the lung quickly isolated and
washed with physiological saline. To the lung prepa-
ration, 10 equivalent amounts (v/w) of phosphate
buffered saline (pH 7.4) (PBS) were added, and the
mixture was homogenized using a Potter-type teflon
homogenizer on an icebath. The protein content of
the homogenate was determined by the Lowry
method20) using BSA as a reference standard.

The levels of TBARS in the homogenate were
determined according to the –EDTA and +EDTA
assay of Kosugi et al.21–23) in the presence of buty-
lated hydroxytoluene (BHT) as an antioxidant. To
0.2 ml of the homogenate were added 0.2 ml of a
solution of 5.2% sodium dodecylsulfate in water,
50 µl of a solution of 0.8% BHT in glacial acetic
acid, 1.50 ml of 0.8% TBA solution in water, 1.70 ml
of water, 0.65 ml of water with or without EDTA
(final concentration: 2 mM), and 0.15 ml of 20%
sodium acetate buffer (pH 3.5) in this order. After
being kept at 5°C for 60 min, the mixture was heated
at 100°C for 60 min. Red pigment formed in the so-
lution was extracted by the addition of 1.0 ml of a
mixture of 1-butanol/pyridine (15 : 1, v/v). The ab-
sorbance at 532 nm of the extract was measured.
The levels of TBARS (nmol/mg protein) were cal-
culated using a molecular extinction coefficient of
red pigment of 156000, and the protein content of
the homogenate.
Local Lymph Node Assay —–—  Local lymph node
assay was performed according to the method de-
scribed elsewhere.14,15) A set of three mice was treated
on both ears by painting 25 µl of a 1% (w/v) DNCB
solution in acetone-olive oil (4 : 1, v/v), or the ve-
hicle alone daily for 3 consecutive days from the
fourth day of the exposure of purified air or air con-
taining NO2. On the seventh day, the mice were anes-
thetized with an air/diethylether mixture, then the
draining auricular lymph nodes were excised, com-
bined for each experimental set and weighed.

LNC suspensions were prepared by mechanical
disaggregation through a sterile 200-mesh gauze.
The cells were transferred through nylon mesh into
a 15 ml centrifuge tube, and the tube was centri-
fuged at 1200 rpm for 5 min. The LNC suspensions

were washed once with HBSS, and total LNC were
resuspended in 3.0 ml of an RPMI-1640 culture me-
dium supplemented with 2.5 mM HEPES,
100 units/ml penicillin, 100 µg/ml streptomycin and
10% FCS. The total LNC number was counted. The
LNC suspension was made at a cell concentration
of 5 × 106 cells/ml. The LNC suspensions (200 µl)
were seeded into 96-well culture plates (4 wells per
set) and cultured with 18.5 kBq [3H]TdR at 37°C
for 24 hr in a humidified atmosphere of 5% CO2 in
air. Culturing was terminated by a semiautomatic
cell harvester, and [3H]TdR incorporation was de-
termined using a liquid scintillation counter. The
mean value of 4 culture wells was obtained.

Four sets of experiments were done for mice of
C and C + NO2 groups with vehicle alone, 8 sets of
experiments for mice of C and C + NO2 groups with
DNCB-sensitization, and 4 sets of experiments for
mice of –E and –E + NO2 groups with DNCB-sensi-
tization were performed.
Mouse IgE Test —–—  The mouse IgE test was per-
formed as described elsewhere.16,17) At the beginning
of exposure to air or air containing NO2, mice of the
C, –E, C + NO2 and –E + NO2 groups, three mice
for each group, received 50 µl of 1% (w/v) DNCB
solution in acetone-olive oil, 25% (w/v) TMA in the
vehicle or the vehicle alone on both shaved flanks,
and seven days later, received 25 µl of the same so-
lution on both ears. On the seventh day after the
challenge, blood was collected by cardiac puncture
after anesthetization with an air/diethylether mix-
ture. After standing at room temperature for 12 hr,
serum was prepared by centrifugation at 4°C and
2000 rpm for 20 min, then stored at –20°C.

Serum IgE was measured using a sandwich en-
zyme-linked immunosorbent assay (ELISA). In a
Costar E.I.A/R.I.A 96-well strip (Corning Incorpo-
rated, Corning, NY, U.S.A.) 120 µl of rat monoclonal
anti-mouse IgE antibody (2.5 µg/ml in 0.1 M car-
bonate buffer pH 9.6) was placed, and the plate was
kept at 4°C overnight. The plate was blocked with
120 µl of 5% NGS in PBS at 37°C for 30 min. One
hundred microliters of the test sample or mouse
monoclonal IgE anti-DNP antibody solution (stan-
dard) diluted to various extents in 0.5% NGS-PBS
were added to the wells of the plate. The plate was
incubated at 37°C for 2 hr. Subsequently, the plates
were incubated at 37°C for 2 hr with 100 µl of a
1 : 2000 diluted solution of goat anti-mouse IgE con-
jugated with horseradish peroxidase in 0.5% NGS-
PBS. The plate was washed with 0.05% Tween 20
in PBS three times. o-Phenylenediamine and urea
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hydrogen peroxide solution (100 µl) was placed in
the wells, and the plate was incubated at 37°C for
10 min. The enzyme reaction was terminated by the
addition of 0.5 M citric acid. The absorbance at
450 nm of the product of the enzyme reaction was
determined using a microplate reader, Benchmark
(Bio Rad Laboratories, Tokyo, Japan). The concen-
tration of serum IgE was obtained from the standard
curve for the mouse monoclonal IgE.

Statistical analysis: Data were analyzed by
Student’s t-test.

RESULTS

Male BALB/c mice were fed a vitamin E-ad-
equate or a vitamin E-deficient diet for 3 weeks. The
vitamin E-adequate diet contained vitamin E at 70
× 10–3 g/kg dried solid, and the vitamin E-deficient
diet contained vitamin E at 0 × 10–3 g/kg dried solid.
Vitamin E levels in the blood of mice fed the vita-
min E-adequate diet (C group) were 1.58 ± 0.2 µg/
ml blood, and those of mice with the vitamin E-de-
ficient diet (–E group) were 0.3 ± 0.04 µg/ml blood.
Vitamin E levels of mice of the –E group were sig-
nificantly lower than those of mice of the C group.
Vitamin E levels in blood were similar to those of
male ddY mice fed the same diets.24) Mice of the C
and –E groups were used in the following experi-
ments.

Mice of the C and –E groups, six mice each, were
continuously housed in an atmosphere of purified
air and air containing NO2 (C + NO2 and –E + NO2

groups), and fed the corresponding diets for 1 week.
In order to know the effect of vitamin E-deficiency
and NO2 inhalation on the degree of lipid
peroxidation of the lung, a TBA assay was per-
formed. The TBA assay was conducted by a method
that could distinguish between TBARS derived from
malonaldehyde derivatives + alkadienal/alkenal de-
rivatives (–EDTA assay) and TBARS derived from
malonaldehyde derivatives alone (+EDTA assay) in
the presence of BHT as an antioxidant.21–23) As shown
in Fig. 1, there were no significant differences in the
levels of TBARS from malonaldehyde derivatives
or from malonaldehyde derivatives + alkadienal/
alkenal derivatives among the lung tissues from mice
of the C, –E, C + NO2 and –E + NO2 groups. The
results indicate that vitamin E-deficiency and/or NO2

inhalation did not cause a severe increase in the de-
gree of lipid peroxidation of lung tissues of mice
under the experimental conditions.

Mice of the C, –E, C + NO2, and –E + NO2

groups, three mice for each group, were housed for
1 week. Mice from each group were treated on both
ears by DNCB solution or the vehicle alone, daily
for 3 consecutive days from the fourth day of expo-
sure. On the seventh day of exposure, draining au-
ricular lymph nodes were excised. Lymph nodes
from three mice were combined for each experimen-
tal set. The weight of the lymph nodes and total LNC
number were counted. A local lymph node assay of
DNCB-sensitized and non-sensitized cells of each
set was performed.

The mean values of lymph node weight and LNC
number obtained from more than 4 sets of experi-
ments are listed in Table 1. The mean values of lo-
cal lymph node assay obtained from more than 4 sets
of experiments are shown in Fig. 2. As has been
shown in the previous papers,7,14) the lymph node
weight and total LNC number of the C group was
increased by DNCB-sensitization (Table 1). There
were no differences in weight or LNC number be-
tween unsensitized mice of C and C + NO2 groups,
or among DNCB-sensitized mice of C, –E, C + NO2

and –E + NO2 groups (Table 1). As has been shown
previously,7,14) the degree of cell proliferation of mice
of the C group was increased by DNCB-sensitiza-
tion. The DNCB-sensitized increase in cell prolif-
eration was not affected by NO2 inhalation (C + NO2

group) (Fig. 2). It is interesting to note that although
the degree of DNCB-sensitized cell proliferation of
mice of the –E group was lower than that of mice of
the C group,7) that of mice of the –E + NO2 group
was higher than those of mice of the –E group
(Fig. 2). The results indicate that while NO2 inhala-
tion alone does not affect the DNCB-sensitized in-

Fig. 1. Levels of TBARS in Lung of Mice of C and –E Groups
Housed in an Atmosphere of Purified Air, and Mice of
C + NO2 and –E + NO2 Groups Housed in an Atmosphere
of NO2 for 1 week

TBARS were obtained in the +EDTA assay (white bars) and –EDTA
assay (slashed bars). Results are expressed as TBARS (nmol/mg lung
tissue protein) (mean value ± S.D.) of six mice for each group.



26 Vol. 48 (2002)

crease in the degree of cell proliferation, the combi-
nation of vitamin E-deficiency and NO2 inhalation
did cause such an increase.

Mice of the C, –E, C+ NO2, and –E+ NO2 groups
were housed for 2 weeks. Three mice from each
group were treated on both flanks by either the
DNCB solution, the TMA solution or the vehicle
alone, at the beginning of the exposure. Seven days
later, both ears were challenged with the same solu-
tion. On the seventh day after the challenge, blood
serum was obtained, and the serum IgE levels were
determined by sandwich ELISA. The mean IgE lev-
els of each group are shown in Fig. 3. There were
no differences in the unsensitized IgE levels among
mice of the C, –E, C + NO2, and –E + NO2 groups,
indicating that vitamin E-deficiency alone or NO2

inhalation alone did not affect the serum IgE levels.
When sensitized with DNCB, significantly increased

levels of serum IgE were observed in mice of the –E
and –E + NO2 groups, as compared to the levels in
mice of C and C + NO2 groups, indicating that vita-
min E-deficiency caused an increase in DNCB-sen-
sitized serum IgE levels. When sensitized with TMA,
the serum IgE levels of mice of the C and –E groups
increased, and those in mice of the C + NO2 and –E
+ NO2 groups increased to a much greater extent,
indicating that NO2 inhalation caused an increase in
TMA-sensitized serum IgE levels.

DISCUSSION

The degree of lipid peroxidaion, as assessed by
TBARS of the lung of mice, was not affected by
feeding them a vitamin E-deficient diet for a long
period, nor was it affected by NO2 inhalation. It has
been shown that long-term inhalation of NO2 causes
oxidative damage to the lung. NO2 inhalation causes
pulmonary edema, pulmonary fibrosis, bronchitis8–10)

and cancer,11) and inhalation of NO2 into rats causes
lung lipid peroxidation, as assessed by the increase
in conjugated diene formation12) and hydrocarbon
exhalation.13) In the present study, inhalation of NO2

to mice, even in the vitamin E-deficient state, caused
no remarkable increase in the degree of lipid
peroxidation in the lung. Nevertheless, previous stud-
ies7) have shown that the levels of TBARS in the
spleen and lymph nodes of mice fed a vitamin E-
deficient diet showed a remarkable increase in com-
parison to those of mice fed a vitamin E-adequate
diet.

In the lymph node assay for type IV allergy (con-
tact sensitization) responses, the degree of DNCB-

Fig. 2. Averaged Effect of Vitamin E-Deficiency and/or NO2

Inhalation on Draining Auricular LNC Proliferation
Induced by Painting DNCB on Ears

Mice of the C and –E groups housed in an atmosphere of purified
air, and mice of C + NO2 and –E + NO2 groups housed in an atmosphere
of NO2 for 1 week, as shown in Table 1. The LNC suspensions were
cultured with [3H]TdR, then [3H]TdR incorporation was determined.
Mean values ± S.D. of 4 or 8 sets of the experiments of [3H]TdR
incorporation (dpm) in the local lymph node assay are shown.

Table 1. Averaged Effect of Vitamin E-Deficiency and/or NO2 Inhalation on Draining Auricular Lymph
Node Weight and LNC Number Induced by Painting DNCB on Ears

Group Set DNCB Lymph node weight Total LNC number

number (mg ± S.D./group) [(number ± S.D.) ×10−6/group)]

C 4 − 28.50±17.80 14.40± 5.70

C 8 + 60.05±25.10 62.61±11.90

−E 4 + 49.53±26.00 77.43± 7.10

C+NO2 4 − 24.70±10.90 16.50± 1.90

C+NO2 8 + 65.11±18.10 65.23±16.90

−E+NO2 4 + 43.90±22.30 61.50±26.70

Mice of the C and −E groups were housed in an atmosphere of purified air, and mice of the C + NO2 and
−E + NO2 groups were housed in an atmosphere of NO2 for 1 week. A set of three mice for each group was treated
on both ears by painting DNCB solution or the vehicle alone daily for 3 consecutive days from the fourth day of
exposure. On the seventh day of exposure, the draining auricular lymph nodes were excised, combined for each
experimental set, and weighed, and the total LNC number was counted. The LNC suspensions were cultured with
[3H]TdR, and [3H]TdR incorporation was determined. Mean values ± S.D. of 4 or 8 sets of the experiments.
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sensitized LNC proliferation was lowered by vita-
min E-deficiency. This result was consistent with a
previous observation.7) In the present study, DNCB-
sensitization did not increase serum IgE levels in
vitamin E-adequate mice in type I allergy (respira-
tory sensitization) responses, which is consistent
with the earlier observation by Hilton et al.17) How-
ever, serum IgE levels in type I allergy responses by
DNCB-sensitization were increased by vitamin E-
deficiency.

It has been shown that chemical allergens of dif-
ferent types provoke divergent immune responses
by selective activation of discrete CD4+ Th cell popu-
lations25–28) of two main populations, Th1 and Th2,
which differ with respect to cytokine secretion pat-
terns.29,30) In type IV allergy responses, contact al-
lergens induce immune responses characterized by
Th1 T cell activation,31) which releases cytokine IFN-
γ to antagonize the production of IgE.32) In contrast,
in type I allergy responses, respiratory allergens in-
duce immune responses characterized by Th2 cell
activation, which produce cytokine IL-4 to initiate
and maintain IgE production.33) The decreased LNC
proliferation by vitamin E-deficiency in DNCB-sen-
sitized type IV allergy responses observed here may
be derived from vitamin E activity unrelated to its
antioxidant activity on the immune responses. Vita-
min E is known to enhance immune responses, and
to stimulate mitogenic responses of lymphocytes.3–6)

The increased IgE levels caused by vitamin E-defi-
ciency in type I allergy responses with DNCB-sen-
sitization may be derived from increased Th2 cell
activation and the production of IL-4.

In the lymph node assay, although the degree of
DNCB-sensitized LNC proliferation was not affected
by NO2 inhalation alone, the combination of NO2

inhalation and vitamin E-deficiency caused a re-
markable increase in DNCB-sensitized LNC prolif-
eration. Moreover, a TMA-sensitized increase in se-
rum IgE levels was remarkably enhanced by NO2

inhalation alone.
Allergen-sensitized type IV and type I allergy

responses observed here might be mediated by the
oxidative stress induced by vitamin E-deficiency and
NO2 inhalation. With respect to this point, we clearly
demonstrated that oxidative stress induced by food
reductones, 2,5-dimethyl-4-hydroxy-3(2H)-furanone
and hydroxyhydroquinone, enhanced lung lipid
peroxidation, DNCB-sensitized type IV allergy re-
sponses and DNCB- and TMA-sensitized type I al-
lergy responses of mice.34) The present results are
consistent with those of these separate experiments,
and it is likely that the increases in allergen-sensi-
tized type IV and type I allergy responses induced
by vitamin E-deficient and/or NO2 inhalation are due
to oxidative stress.

In conclusion, vitamin E-deficiency and/or NO2

inhalation in mice enhanced the increase in DNCB-

Fig. 3. Averaged Effect of Vitamin E-Deficiency and NO2 Inhalation on Serum IgE Levels of Mice Treated with DNCB or TMA
Mice of the C and –E groups were housed in an atmosphere of purified air, and mice of C + NO2 and –E + NO2 groups were housed in an atmosphere

of NO2 for 2 weeks. Three mice for each group were treated on both shaved flanks by painting on a DNCB solution, TMA solution or the vehicle alone
at the biginning of exposure, and 7 days later the same solution was painted to both ears. Seven days after the challenge, blood was collected,
and the serum IgE level was determined by sandwich ELISA. Mean values of serum IgE levels ± S.D. of three serum samples are shown. a: p < 0.002,
b: p < 0.03, c: p < 0.02, d: p < 0.01, e: p < 0.03 and f: p < 0.07.
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sensitized LNC proliferation, and enhanced DNCB-
or TMA-sensitized serum IgE increase. The results
may postulate that vitamin E-deficiency and/or NO2

inhalation causes undesirable effects on both aller-
gen-sensitized type IV and type I allergy responses.
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