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Introduction

There are many factors that can influence the immune
system development, maintenance and optimal func-
tioning [1]. Nutrition and nutritional status can have

Increased immune response
in mice consuming rice bran oil

Summary Background Polyun-
saturated fatty acids play a key role
in a number of biological func-
tions. Rice bran oil (RBO) is rich in
linoleic acid, an essential n-6 fatty
acid. n-6 fatty acids are said to have
proinflammatory effects as a result
of an increase in n-6 fatty acid-
derived eicosanoids. RBO is also
rich in y-oryzanol, a compound
from the unsaponifiable fraction,
with antioxidant properties. Objec-
tive The aim of this work is to
examine the effect of RBO - and/or
y-oryzanol - enriched diets on the
regulation of the immune re-
sponse. Methods 4 week-old Balb/C
mice were fed diets enriched with
either RBO or high oleic-sunflower
oil (HOSO), for one month. Serum
samples, bone marrow-derived
macrophages and lymphocytes
from the spleen were collected.
Results Compared to HOSO, our re-
sults show that RBO modulates the
immune system by enhancing
B-lymphocyte proliferation
(6842 £2959 vs 10073 £ 4186 cpm;
HOSO vs RBO; n=10 per group)
and Tyl-type cytokines such as
IL-2 (55.85+18.2 vs 101.7 £21.6

pg/ml) or TNF-c (49.12 +18.6 vs
184.9 £ 46.2 pg/ml; HOSO vs RBO)
in a significant way (n= 10 per
group). Moreover, the reduction
found in the Ty2 cytokine IL-4
(7.59£2.3 vs 4.48 1.6 pg/ml) and
IgE (56.9 +39.2 vs 42.4 % 35.2 ng/
ml; HOSO vs RBO, n =10 per
group) levels suggests RBO may
have antiallergenic properties. To
elucidate the role of y-oryzanol, a
similar study was also carried out
including diets enriched with re-
fined RBO or HOSO containing y-
oryzanol (2 %). Our results suggest
that although y-oryzanol may mod-
ulate the immune system, it is not
responsible for the overall im-
munostimulation effect seen for
RBO. Conclusions RBO-enriched
diets could be useful in situations
where a potentiation of the im-
mune response was required. The
fatty acids composition, more than
the unsaponifiable fraction, might
be responsible for this effect.

Key words inflammation - fatty
acids - cytokines - eicosanoids -
functional foods

deep effects on immune functions, resistance to infec-
tion and autoimmunity [2]. In this sense, certain nutri-
ents can regulate the immune function and both defi-

ciency and excess of them could adversely affect the
number and activity of the immune cells. Among nutri-
ents, lipids have a pivotal role in the immune system |3,
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4]. They exert different kind of actions which depend on
the source, the length and number and position of dou-
ble bounds of the fatty acids [3, 5].

Much of the interest in lipids and immunity has fo-
cused on polyunsaturated fatty acids (PUFA). The pres-
ence of PUFA on membrane phospholipids can influ-
ence cellular activities because they are metabolized to
a variety of lipid mediators, known as eicosanoids,
which play important roles in the regulation of the im-
mune and inflammatory responses [6]. Fatty acids also
alter membrane fluidity and consequently modulating
changes in conformation and/or function of receptors,
transporters and enzymes. Moreover, fatty acids also
modulate signaling pathways such as MAPK and NF-kB
or nuclear receptors such as PPAR and LXR modulating
thus gene expression [6].

Rice bran oil (RBO) is an unconventional vegetable
oil which in some populations is believed to be healthy
[7]. Because of this reason, its consumption is growing,
above all in Asian countries. RBO’s main components
are unsaturated fatty acids, triterpene alcohols, phyto-
sterols, tocotrienols and o.-tocopherol. Oleic and linoleic
acids constitute the major components of the saponifi-
able fraction, and the principal component of the un-
saponifiable fraction is y-oryzanol [8, 9].

The antioxidant components, more than its fatty
acids, is said to be responsible for RBO’s beneficial ef-
fects. From a number of studies carried out either in
vitro or in vivo, it has been concluded that y-oryzanol,
present in RBO, exerts a hypolipidemic action. Not only
does it exert a cholesterol-lowering action but it is also
associated with a significant reduction in aortic fatty
streak formation [10]. Modulation of pituitary and gas-
tric secretion, involvement in platelet aggregation and in
thyroid stimulating hormone release are some other po-
tential properties related to RBO, which suggest other
possible therapeutical applications [11,12].

In spite of the described effects for RBO, no studies
about effects on immune system have been carried out.
This is the reason why we decided to evaluate the effects
of this oil on immune function in healthy animals. We
have compared the immunological effects of a RBO en-
riched diet characterized by a high content of linoleic
acid and by the presence of y-oryzanol, to a high oleic
sunflower oil (HOSO)-enriched diet, rich in oleic acid
and where there is no y-oryzanol present. Our results
suggest an immunomodulatory action of RBO and its
fatty acids seems to be responsible for such an effect. The
involvement of y-oryzanol in this immune response is
also clarified. Possible applications of RBO in human
nutrition to improve health are suggested.

Material and methods
Reagents and antibodies

Concanavalin A (Con A) and lypopolysaccharide (LPS)
were both purchased from Sigma Chemical Co. (St
Louis, MO). Antibody kits for ELISAs were purchased
from Bethyl (Montgomery, TX) in the case of im-
munoglobulins or from Biosource (Camarillo, CA) for
cytokines. Analysis of histamine (IBL Laboratories) and
PGE, (Oxford Biomedical Research) levels in different
samples were also determined by using other enzyme
immunoassay Kits.

Animals and diets

Male Balb/C mice (n=10 per group and experiment) of
four weeks of age were purchased from the Granada
University breeding colony and housed in a temperature
(22°C) and light-controlled (12 hour) cycle. Guidelines
for the care and use of animals were followed as de-
scribed [13] and experiments were performed in com-
pliance with the Helsinki Declaration and approved by
the ethical committee of the Granada University.

Semi-synthetic diets were prepared following the
recommendations given by the American Academy of
Veterinary for Animal Nutrition. Differences among the
diets were only the source of fat included which was 5%
of the diet in each case. Diet compositions are described
in Table 1.

Two groups of experiments were performed. In the
first group of experiments to analyze the effect of RBO
on the immune system, animals were divided into two
groups (n=10 mice per group and experiment) and
were fed ad libitum either an RBO-enriched diet or an
HOSO-enriched diet. This kind of experiment was re-

Table1 Diet composition

HOSO RBO  RefinedRBO  HOSO + y-oryzanol
Energy 4.2 4.2 4.2 4.2
Protein? 195 195 195 195
Fat 50° 50¢ 50¢ 49¢
Carbohydrates 629 629 629 629
Fibers 50 50 50 50
Mix vitamin-minerals" 10 10 10 10

The units used to express the diet composition are g/kg diet in all cases except for
energy which is expressed as Kcal/g diet. 2 Protein was administered as casein (Nu-
trilac, Arla Foods Ingredients) supplemented with L-methionine (Squim SA). The
source of fat was: © high oleic sunflower oil (H0SO) (Vandermoortele Iberica), < rice
bran oil (RBO) (Itochu Corporation), ¢ refined RBO (Itochu Corporation), ¢ 49 g/kg of
HOSO supplemented with 1 g/kg of y-oryzanol (Tokio Kasei). f Carbohydrates were
administered as starch corn (Cerestar S. A.) plus 50 g/kg of sucrose (Ebro-Puleva
S.L.). 9 Fiber was included as or-cellulose (Sigma). ' The requirements of mineral
and vitamins were administered by a mixture purchased from Nuriiespadales SA
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peated three times with similar results. The second
group of experiments, dedicated to elucidate the com-
ponents in RBO involved in the effects of RBO on the im-
mune system, consisted of four groups of animals (also
n=10 per group and experiment): HOSO, RBO, refined
RBO, while the last group was fed a y-oryzanol-enriched
diet (2% of the fat) using HOSO as the source of fat.
Crude RBO contains 1.9% of y-oryzanol, while HOSO
and refined RBO were absent of the antioxidant. In the
refined RBO the unsaponifiable fraction was completely
eliminated. During the studies a control of the behavior
and physical aspects was carried out by periodical ob-
servations. In this case, the experiment was conducted
independently two times. In all cases, after four weeks,
the animals were sacrificed by intraperitoneal adminis-
tration of sodium penthotal (50 mg/kg body weight) and
blood was collected by cardiac puncture into EDTA
tubes. Blood was then centrifugated 2200 x g 10 min at
4°C and plasma aliquots were collected and frozen at
-80°C until needed.

Cell culture and proliferation assay

Lymphocytes from spleen and bone marrow-derived
macrophages were obtained and cultured as previously
described [14, 15]. Spleen-derived lymphocytes were
cultured in 24-well plates (2x10° cells/well) in 1 ml of
medium and stimulated with ConA (5pug/ml) or LPS
(50 pg/ml). [*H]-thymidine (1 pCi/ml) (Amersham Bio-
sciences, Arlington Heights, IL) incorporation was mea-
sured as previously described [14]. Radioactivity was
counted by liquid scintillation using a 2100 Tri-Carb
Packard (Meriden, CT) scintillation counter. Each point
was performed in duplicate.

Analysis of cytokine production

Spleen-derived lymphocytes were cultured in 6-well
plates (10 x 106 cells/well) in 5ml of medium and incu-
bated for 24h in the presence or absence of ConA
(5png/ml) or LPS (50 ug/ml). The supernatants were col-
lected after 48h of incubation. Differentiated macro-
phages were cultured in 6-well plates (3 x 106 cells/well).
After 12 hours, adherent macrophages were stimulated
with LPS (100 ng/ml). Supernatants were collected after
24 hours. Concentrations of IgA, IgG1, IgE, IL-2, IL-1,
IL-4, TNF-a, and IFN-y were determined by ELISA
according to the manufacturer’s instructions (Bethyl or
Biosource) in supernatants from lymphocytes and for
macrophages cultures as indicated. Serum samples were
also analyzed. The samples from all the mice were
analyzed.

Analysis of gene expression by RT-PCR

Total mRNA was isolated from cultured spleen cells
by using Trizol Reagent (Invitrogen, Carlsbad, CA) as
described by the manufacturer. The reversed trans-
cription was performed by using the Reverse Trans-
criptase AMV (Roche, Indianapolis, IN) as described
elsewhere. First-strand cDNAs were either stored at
-20°C or used for the PCR step. PCR reactions (25ul
total volume) were carried out as previously reported
[16]. Murine oligonucleotides primers used in the
PCR were purchased from MWG-Biotech AG (Ebers-
berg, Germany) and the nucleotide sequences were as
follows: IFN-v, for: 5’-TGGAGGAACTGGCAAAAGGAT-
GGT-3, rev: 5-TTGGCACAATCTCTTCAC-3’; IL2,
for: 5-TGATGGACCTACAGGAGCTCCTGA-3’, rev:
5-GAGTCAAATCCACAACATGCCGCA-3’; IL-1B, for:
5-TGATGAG-AATGACCTGTTCT-3’, rev: 5-CTTCTTC-
AAAGATGAAGGAAA-3’; IL-4, for: 5-ACGAGGT-
CACAGGAGAAGGGAC-3, rev: 5-GGAGCAGCTTATC-
GATGAATCC-3’; TNF-q, for: 5’-AACTAGTGGTGCCAG-
CCGAT-3’, rev: 5-CTTCACAGAGCAATGACTCC-3’; B-
actin, for: 5-TGGAATCCTGTGGCATCC-3’, rev: 5-
AACGCAGCTCAGTAACAGTCC-3’. Each RT-PCR was
performed with five of the samples from each group ob-
taining similar results.

Statistical analysis

In all cases, differences between means were tested for
statistical significance using a one-way analysis of vari-
ance (ANOVA) and post hoc least significance tests. The
data in the text and figures are always represented as the
mean * S.D.

Results
Diets, mice growth and behavior

The amount of the diets consumed was determined
daily by weighing the total diet ingested per day, and
no significant differences were observed between groups
during the study (data not shown). Taking all data
together, each mouse consumed approximately
6.18 £0.77 g/day of the diets. We calculated, from the
analysis of fatty acids content in the diets, the daily intake
of linoleic and oleic fatty acids, the main fatty acids
components of both diets (Table 2).In this sense,animals
fedwith the HOSO diet consumed approximately 40 £ 0.5
and 235 £ 4.5 mg of linoleic and oleic acid per day, while
animals receiving the RBO diet consumed 110+ 1.5 and
130 £2.5 mg per day. Therefore, RBO supplied triple the
amount of linoleic acid and half the amount of oleic acid
compared to HOSO diets. Consequently, RBO diet could
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Table2 Fatty acid composition of the diets
HOSO RBO Refined RBO

€10:0 0.11 0.07 0.14
C12:0 0.05 nd nd

C14:0 0.07 0.43 0.41
C16:0 5.14 16.27 15.94
C16:1 0.12 0.21 0.2

17:0 0.04 nd 0.04
C18:0 4.04 1.84 1.86
C18:1n9c 75.14 41.92 423

C18:1n7 nd 0.89 0.85
C18:2n6tt 0.51 nd 0.79
C18:2n6¢ 12.98 35.44 3472
C18:3n6 (gamma) 0.05 nd 0.24
(18:3n3 (alpha) 0.15 1.24 0.62
C18:3n4 0.05 nd 0.21
€20:1n9 0.23 0.49 0.51
Q1:0 0.04 nd 0.08
C22:0 0.75 0.17 0.16
C24:0 0.2 0.36 0.21
C22:5n6 nd 0.05 nd

nd Not detected; results expressed as percentage

be considered rich in n-6 polyunsaturated fatty acids
(35.44 % vs 12.98 %; RBO vs HOSO diets), while a HOSO
diet was rich in monounsaturated fatty acids (75.11 % vs
42.3%; HOSO vs RBO diets).

Although there were differences in the fatty acid
composition of the diets, the final body weight and the
total growth rate of the animals did not differ between the
mice fed on the different diets (data not shown). More-
over,no side effects such as occurrence of diarrhea or dif-
ferences in either the physical aspects nor the behavior
were observed in the mice from the different groups.

RBO enhances mainly T,1 lymphocyte activities

Both lymphocytes T and B from RBO-fed mice signifi-
cantly increased their proliferation ratio (Fig.1A) in
comparison with HOSO-fed animals. This higher prolif-
eration ratio was also reflected as an increase in the
number of splenocytes per mice (Fig. 1B).

We explored the association between proliferation
and activation of lymphocytes by testing if the RBO diet
would modify the expression of cytokines by these cells.
In this sense and in agreement with the increased lym-
phocyte proliferation, we observed a higher production
of IL-2 by lymphocytes in RBO-fed mice (Fig.2A).In ad-
dition, other Ty1-type cytokines were also increased in
the RBO group, including IFN-y and TNF-a (Fig.2),
which corresponded with an increase of the gene tran-
scription as analyzed by RT-PCR (Fig. 2). Finally, we also
observed a trend to increase the expression of other Ty1
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Fig.1 RBO diet enhances lymphocyte proliferation: A T and B lymphocyte prolif-
eration measured by *H-thymidine incorporation. Proliferation levels (expressed in
cpm) of non-stimulated [0] and Con A and LPS stimulated splenocytes from mice
consuming HOSO or RBO diets. B Millions of splenocytes per g of mouse consum-
ing HOSO or RBO diets measured using an hemocytometer. Values are mean + SD,
n = 10. * Significant difference between HOSO and RBO group (P < 0.05)

cytokines such as IL-12 (199.1%£8.4 vs 266.9+12.9
pg/ml; HOSO vs RBO) in RBO-fed mice when compared
with the HOSO group.

Ty2 responses were lower in RBO group. This is the
case, for example, of the levels of IL-4 in serum or in the
supernatants obtained from the cultured spleen-derived
lymphocytes (Fig.3A, B) or in the lymphocyte-derived
IL-5 expression (30.3+6.2 vs 10.5+2.1 pg/ml; HOSO vs
RBO). Due to the reduction in Ty2 cytokines, we have
also observed that RBO was able to reduce the amount
of both allergy-related inmunoglobulins in mice,
namely IgE (Fig.3C) and IgGl (75.18+39.87 vs
50.43 £24.18 pg/ml; HOSO vs RBO). Finally, we also
stated a reduction in the plasma levels of histamine
(10.32+2.2ng/ml vs 3.11£0.92; HOSO vs RBO) al-
though they did not reach statistical significance.
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Fig.2 Increase in Ty1 lymphocyte response by RBO: Levels of IL-2 (A), TNF-o. (B)
and IFN-y (C) measured by ELISA in supernatants of cultured stimulated spleno-
cytes from mice consuming HOSO or RBO diets. The stimulus used was Con A
(5pg/ml). Con A was used as stimulus. Results are expressed in pg/ml as mean +
SD. * Significant difference between HOSO and RBO group (P < 0.05) or **
(P < 0.01). Gene expression of the cytokines in the previous splenocytes was ana-
lyzed by RT-PCR using B-actin as a control and showed in the frame inside the fig-
ure
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Fig.3 Decrease of Ty2 response by RBO: A, B Levels of IL-4 in serum and in super-
natants from stimulated lymphocytes measured by ELISA and expressed as pg/ml.
Gene expression in such splenocytes were measured by RT-PCR, using B-actin as a
control. C IgE serum levels analyzed by ELISA from mice consuming HOSO or RBO
expressed as ng/ml. Results are mean + SD. * Significant difference between HOSO
and RBO group (P < 0.05). 1 P = 0.06
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RBO also enhances macrophage responses

We have observed that immune response of primary
macrophages from the RBO group were also higher
compared to the HOSO group. Macrophages from RBO-
fed mice generated a greater amount of TNF-o or IL-10
(Fig.4) when stimulated ex vivo with LPS as compared
with those fed the HOSO diet. Again, these results were
also in concordance with an increase in the related gene
expression (Fig. 4).

RBO diets did not modify the macrophage prolifera-
tion rate induced by M-CSF (data not shown), in con-
trast to what we observed in lymphocytes. This could be
due to the fact that macrophage activation is not related
to an induction of the proliferation of these types of cells
as opposed to lymphocytes [14, 17].
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Fig.4 Increase in T41 bone marrow derived-macrophage response by RBO: Pro-
duction of TNF-o. (A) and IL-1(3 (B) by LPS stimulated bone marrow derived-
macrophages measured by ELISA and expressed as mean =+ SD. Gene expression
was analyzed by RTPCR using B-actin as a control. * Significant difference between
HOSO and RBO (P < 0.05)

Fatty acids but not y-oryzanol are responsible for
most of the immunostimulatory effects of RBO

To better understand whether the RBO effects were due
to the fatty acids composition or to the y-oryzanol con-
tent, a second group of experiments was performed in-
cluding diets with refined RBO and enriched with y-
oryzanol as described in the material and methods
section. The results observed with the RBO and HOSO
diets were identical to those observed previously.
Surprisingly, our results showed that the fatty acid com-
position of the RBO diet but not the unsaponifiable frac-
tion was the main responsible for the immunomodula-
tion observed with these types of RBO-based diets. In
this sense, we observed the same effects, namely an in-
crease in Tyl response and a reduction in the Ty2 re-
sponse, in the mice treated with both RBO and refined
RBO diets, measured as lymphocyte proliferation, TNF-
o. or IL-4 expression (Fig.5). However, although the
HOSO+y-oryzanol diet was able to also increase TNF-o
expression, it had no effect on lymphocyte proliferation
or Ty2 response as measured by IL-4 expression (Fig. 5),
suggesting that the unsaponifiable fraction of RBO was
not responsible for most of the immunoregulatory ef-
fects produced by the RBO diet. Moreover, the implica-
tion of the fatty acid fraction was also suggested by the
fact that plasma from RBO-fed mice had higher concen-
trations of PGE, (7.57 £ 1.81 vs 9.85 + 1.32 ng/ml; HOSO
vs RBO).

Discussion

A balanced and adequate nutrition is required for the
development, maintenance and optimal functioning of
the immune system [3]. Nutrient-related factors that
have the most pronounced effects on the immune sys-
tem are fatty acids, protein-energy malnutrition and
certain vitamins and minerals [3, 18, 19]. Several pa-
rameters of the immune system are said to be modified
by dietary lipid administration.

The saponifiable RBO fraction is mainly composed of
n-6 fatty acids, while a compound with antioxidant
properties, y-oryzanol, constitutes the unsaponifiable
fraction [20]. There are a number of studies with RBO
suggesting cardiovascular beneficial effects, normally
attributed to y-oryzanol [21, 22]. Animal and human
studies have shown how RBO may lower serum choles-
terol levels, inhibit platelet aggregation, and some other
risk factors for cardiovascular disease.

However, to the best of our knowledge, no studies on
the effects of RBO in the immune system have been car-
ried out.Nevertheless,other studies using diets with sim-
ilar fatty acid contents have been developed to check the
immunological effects of oleic and linoleic acids [23].
Our results suggest immunomodulatory effects pro-
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Fig.5 +y-oryzanolis not responsible for the immunostimulation attributed to RBO:
A B-lymphocyte proliferation as measured by 3H-thymidine incorporation in basal
and stimulated splenocyte cultures. Results expressed in cpom. B, C Levels of TNF-oc
and IL-4 in lymphocyte supernatants stimulated with Con A, measured by ELISA
and expressed in pg/ml. The culture of the splenocytes studied derived from mice
consuming HOSO, RBO, refined RBO or enriched y-oryzanol diet. Results are ex-
pressed as mean + SD. * Significant difference between HOSO and rBO group
(P <0.05) or ** (P < 0.01). # Significant difference between RBO and y-oryzanol
groups (P < 0.05)

duced by the consumption of RBO, which also indicate
that y-oryzanol is not responsible for the overall im-
munoregulation despite having important roles in other
organism functions. In fact, y-oryzanol modifies the
immune response in a different way to the one observed
for RBO. Thus, fatty acid composition might be responsi-
ble for the effects of RBO. A high linoleic acid consump-
tion could be responsible for the increase in lymphocyte
proliferation, spleen size and Tyl response as suggested
by other in vivo and in vitro studies using linoleic acid
[24-26]. RBO contains an important fraction of linoleic
acid, and the effects described in the above mentioned
studies are also observed in our study. This immuno-
modulatory effectis in part due to the increased lympho-
cyte proliferation which leads to increased synthesis of
the Tyl cytokines responsible for the defence of the or-
ganism. Since y-oryzanol is unable to enhance lympho-
cyte proliferation, we speculate that y-oryzanol is not re-
sponsible for the large amount of cytokines produced.
As a result of the higher Tyl response, the Ty2 re-
sponse may also be modified. Due to the duality in the
equilibrium of Tyl and Tyx2 cytokines in the regulation
of the immune system (in concordance with the ten-
dency through a Ty1 bias induced by the RBO-enriched
diets), Ty2 response is lower in the RBO group. Because
of this, RBO may have not only indirect antibacterial
properties but also antiallergenic ones. As people who
suffer from atopic dermatitis are more susceptible to in-
fections [27],RBO could ameliorate both allergic and in-
fective processes in these cases. However, further studies
must be carried out to obtain more conclusive data.
The reduced Ty2 responseis not an effect produced by
y-oryzanol. As a consequence, neither the higher Ty1 re-
sponse nor the Ty2 reduction produced by RBO con-
sumption seem to be modulated by the antioxidant frac-
tion. In spite of this, other advantages attributed to
y-oryzanol or RBO could make this oil an important al-
ternative to reach nutritional targets for health. However,
due to the exacerbated response of the immune system
observed with RBO, the generalized use of this oil, not y-
oryzanol, as a cardiovascular protector has to be treated
with caution since atherosclerosis has been suggested to
be an inflammatory disease [28] that could be impaired.
In conclusion, the inclusion of one or another sort of
fatin the diet could bringimportant consequences for the
immune system as we have shown in this study. The way
in which the different kinds of fat regulate the immune
system must be taken into account to choose the proper
diet for each subject.In order to improve human well-be-
ing,RBO could be included in the diet to obtain a fortifi-
cation of organism defences. But not only improving nor-
mal health status would be a reason for its consumption,
but also an alternative for certain physiological condi-
tions where a stimulation of the immune system is re-
quired. This is the case in the elderly, whose immune
function may be altered by age [29], or during childhood
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where susceptibility to infections may be increased due
to frequent exposure to pathogens or insufficient devel-
opment of their immune system. During strong physical
activity,organism defences are also altered [30] and RBO
could help with the restoration of the normal immune
parameters. However, immunomodulation which takes
place after RBO consumption could be a drawback for
people suffering from autoimmune or inflammatory dis-
eases because it favors an inflammatory response which
could impair their illnesses as previously related to the
case of atherosclerosis.

RBO modulates the immune function in different

ways and depending on the circumstances, its consump-
tion may or may not be recommended. Results from this
study do not provide enough information to make rec-
ommendations with respect to this. More studies are
necessary in order to elucidate the effectiveness of RBO
in immune depressing conditions or its detrimental ef-
fects on inflammatory diseases.

Acknowledgments The author are grateful to Dr. Eduardo Lopez
Huertas for his critical supervision of the article contents and Dr. Luis
Baré for his kind help in the elaboration of the diets. Also, we are
grateful to Dr. Alberto Zafra and Dr. Pedro Benitez for the analysis of
the diets. All are from Puleva Biotech SA, Granada.

References
1. Paul WE (1999) The immune system: an 14. Xaus J, Cardé M, Vellador AFE, Soler C, 23. Jeffery NM, Yaqoob P, Newsholme EA,
introduction in fundamental immunol- Lloveras J, Celada A (1999) Interferon Calder PC (1996) The effects of olive oil
ogy. Paul WE. 4% edition. Lippincott- gamma induces the expression of p21*f upon rat serum lipid levels and lym-
Raven. Philadelphia and arrests macrophage cell cycle pre- phocyte functions appear to be due to
2. Chandra RK,Kumari$ (1994) Nutrition venting induction of apoptosis. Immu- oleic acid. Ann Nutr Met 40:71-80
and immunity: an overview. ] Nutr 124: nity 2:103-113 24. Kuratko CN (2000) Proliferation of
14335-14358 15. Kelley DS, Warren JM, Simon VA, Bar- colonic lymphocytes in response to in-
3. Kelley DS (2001) Modulation of the hu- tolini G, Mackey BE, Erickson KL (2002) flammatory cytokines is lower in mice
man immune and inflammatory re- Similar effects of ¢9,t11-CLA and t10, fed fish oil than in mice fed corn oil.
sponses by dietary fatty acids. Nutrition c12-CLA on immune cells functions in Cancer Lett 148:27-32
17:669-673 mice. Lipids 37:725-728 25. Hennig B, Meerarani P, Ramadass P,
4. Calder PC (1998) Fat chance of im- 16. Soler C, Garcia-Manteiga J, Valdes R, Watkins BA, Toborek M (2000) Fatty
munomodulation. Trends Immunol To- etal. (2001) Macrophages require dif- acid-mediated activation of vascular
day 19:244-247 ferent nucleoside transport systems for endothelial cells. Metabolism 49:
5. Ray CC, Bouthillier L, Seidman E, Levy proliferation and activation. FASEB J 1006-1013
E (2004) New lipids in enteral feeding. 15:1979-1988 26. Zusman I, Ben-Hur H, Budovsky A,
Curr Opin Clin Nutr Metab Care 7: 17. XausJ,Comalada M, Valledor AF, Cardé etal. (2000) Transplacental effects of
117-122 M, Herrero C, Soler C, Llobreras J, maternal feeding with high fat diets
6. Calder PC (2003) N-3 Polyunsaturated Celada A (2001) Molecular mechanisms lipid exchange and response of the
fatty acids and inflammation: from involved in macrophage survival, pro- spleenic lymphoid system in mice off-
molecular biology to the clinic. Lipids liferation, activation or apoptosis. Im- spring exposed to low doses of carcino-
38:343-352 munobiol 204:543-550 gen. Int ] Mol Med 6:337-343
7. Sugano M, Koba K, Tsuji E (1999) 18. Amati L, Cirimele D, Pugliese V, Covelli 27. Nomura I, Goleva E, Howell MD, Hamid
Health benefits of rice bran oil. Anti- V, Resta F Jirillo E (2003) Nutrition and QA, Ong PY, Hall CF, Darst MA, GAO B,
cancer Res 19:3651-3657 immunity: laboratory and clinical as- Bouguniewicz H, Travers JB, Leung
8. Raghuram TC, Rukmini C (1995) Nutri- pects. Curr Pharm Des 9:1924-1931 DYM (2003) Cytokine milieu of atopic
tional significance of rice bran oil. In- 19. Chandra S, Chandra RK (1996) Nutri- dermatitis, as compared to psoriasis,
dian ] Med Res 102:241-244 tion, immune response, and outcome. skin prevents induction of innate im-
9. Rukmini C,Raghuram TC (1991) Nutri- Prog Food Nutr Sci 10:1-65 mune response genes. ] Immunol 171:
tional and biochemical aspects of the 20. Scavariello EM, Arellano DB (1998) 3262-3269
hypolipidemic action of rice bran oil: a Gamma-oryzanol: an important com- 28. Shishehbor MH, Hazen SL (2004) In-
review. ] Am Coll Nutr 10:593-601 ponent in rice bran oil. Arch Latinoam flammatory and oxidative markers in
10. Rong N, Ausman LM, Nicolosi R] (1997) Nutr 48:7-12 atherosclerosis. Curr Atheroscler Rep 6:
Oryzanol decreases cholesterol ab- 21. Nicolosi R], Ausman LM, Hegsted DM 243-250
sortion and aortic fatty streaks in ham- (1991) Rice bran oil lowers serum total 29. Rasmussen LB, Kiens B, Pedersen BK,
sters. Lipids 32:303-309 and low density lipoprotein cholesterol Richter EA (1994) Effect of diet and
11. Cicero AF, Gaddi A (2001) Rice bran oil and apo B levels in nonhuman pri- plasma fatty acids composition on im-
and gamma-oryzanol in the treatment mates. Atherosclerosis 88:132-142 mune status in elderly men. Am J Clin
of hyperlipoproteinaemias and other 22. Topping DL,Illman R], Roach PD, Trim- Nutr 59:572-577
conditions. Phytother Res 15:277-289 ble RP, Kambouris A, Nestel PJ (1990) 30. Tauler P, Aguilo A, Cases N, etal. (2002)
12. Jariwalla RJ (2001) Rice-bran products: Modulation of the hypolipidemic effect Acute phase immune response to exer-
phytonutrients with potential applica- of fish oils by dietary fiber in rats: stud- cise coexists with decreased neutrophil
tions in preventive and clinical medi- ies with rice and wheat bran. J Nutr antioxidant enzyme defences. Free
cine. Drugs Exp Clin Res 27:17-26 120:325-330 Radic Res 36:1101-1107
13. Institute of Laboratory Animal Re-

source Commission of Life Sciences
(1996) National Research Council.
Guide for the care and use of laboratory
animals. Washington (D/C). National
Academy Press



